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INTRODUCTION 
It is known that only 50 percent of the pig embryos 
survive and are born healthy after 114 days of pregnancy. It 
is also known that although many areas of research have as one 
of their goals the improvement of litter size, the men involved 
in this research are quick to agree that there is a practical 
limit to the number of pigs that can be successfully reared by 
a sow, this number being usually placed at 12 pigs/litter. 
Finally, while the statistics of numerous observations indicate 
that there are definite positive correlations between birth 
weight and survival rate and subsequent growth of the pigs, it 
is also known that in order to increase the birth weight of a 
pig by 0.1 kg., it is necessary to increase the daily feed in­
take of the pregnant sow by one kg. (Speer, 1969) , which 
becomes economically unfeasible. 
However, if artificial rearing of pigs becomes possible, 
then we will no longer be limited to 12 pigs/litter. Research 
leading to the improvement of embryo survival would be of 
utmost importance and the importance of birth weight on sub­
sequent performance would have to be reevaluated. Curtis 
(1965), for example, reported that providing a few grams of 
glucose daily to the sows for the last 10 days of gestation 
increased birth weights. Nevertheless, this investigator and 
others have based their evaluation of results on a weight or 
number and time basis. While it is obvious that certain 
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treatments result in increased birth weights or increased 
embryo survival, to mention only two effects, little is known 
about the physiological and biochemical changes occurring in 
the maternal organism and the fetuses. If knowledge in these 
areas is accumulated, then it might indicate new means for the 
prevention of embryo mortality or improvement of birth weight, 
or both. 
It is the purpose of this introduction, first, to emphasize 
the need for more knowledge of the biochemistry and to a lesser 
degree, the physiology of the pregnant sow and its concepta; 
and second, to suggest the use of other parameters in addition 
to those in common practice to study the nutrition of the sow 
in reproduction and the pigs utero. 
With these goals in mind, it was decided to conduct an 
experiment of an exploratory nature in order to determine 
certain biochemical changes occurring in the serum of sows 
during the estrous cycle, gestation and lactation and the 
influence of dietary energy levels on these changes. 
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REVIEW OF LITERATURE 
Energy Intake 
The reproductive performance of gilts and sows can be 
affected by dietary energy levels imposed during gestation. 
This phenomenon has been extensively reviewed by Ruiz (1967). 
Though there is some conflicting evidence, in summary, it 
appears that a high level of feeding will be detrimental to 
litter size but increase the average birth weight of the pigs. 
High levels of energy intake have varied from about 6,450 to 
11,000 metabolizable kcal./day and the low levels from about 
3,800 to 6,450 metabolizable kcal. The more divergent the 
energy intakes, the greater will be the contrast in the effects 
on the reproductive performance. When the two levels compared 
are within the "high energy" or "low energy" bracket, few or 
no differences have been observed with respect to litter size 
and birth weight. As a consequence of these studies, the 
recommended levels of energy intake for gestating gilts and 
sows have been reduced to 6,200 metabolizable kcal./day (NRC, 
1969) . 
Due to the extent of the work done in this area, this 
section will be restricted to the review of the work where 
levels of energy below those currently recommended have been 
used. Also, this would be more in accord with the nature of 
the present studies. 
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Clawson et al. (1963) compared the performance of gilts 
fed 4.4 or 3.8 megacal. of metabolizable energy daily (1.36 
kg.) to that of gilts receiving 6.6 or 8.7 megacal. from 
mating to farrowing. In one of the two trials the low energy 
gilts farrowed larger litters than the other group of gilts 
(P < 0.05) but no differences were observed in the other trial. 
A slightly larger litter size was also observed by Frobish 
et al. (1966) who compared 5.4 vs. 10.8 metabolizable megacal./ 
sow/day. Both groups of investigators observed that high 
energy gilts gained significantly more weight during gestation 
as compared to the low energy gilts. The average birth weight 
of the pigs was increased by high energy intake during gesta­
tion in the work by Clawson et but not in the work by 
Frobish et which may suggest that this criterion is little 
affected by energy intakes above a certain level. Neither the 
size nor the total weight of the litters was altered by treat­
ments in either experiment. 
German et (1967) studied responses to 3.8 and 6.7 
megacal./day/gilt during gestation and found no significant 
differences between treatments in litter size, litter weight 
at birth or weight of pigs at 21 days. The average birth 
weight tended to be higher in the high energy group as com­
pared to the low energy one. The same response was found by 
Gilster (1967) using the same energy treatments; he also noted 
a significant increase in weaning weight due to increased 
gestation energy intake (P < 0.05) in one of two trials. 
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0'Grady (1967) reported no differences in litter size at 
birth or weaning as a result of reducing levels of feed intake 
from 2.72 kg. to 1.36 kg./day although the low level reduced 
pig birth weight and weaning weight. Lodge et al. (1966a) used 
the same feed intake levels (7,920 and 3,960 digestible kcal./ 
day, respectively) and found no significant differences in 
number of pigs farrowed, although the low energy gilts farrowed 
0.7 pigs/litter fewer than the gilts in the other treatment. 
This experiment also added more evidence to the positive effect 
of high feeding levels on average birth weight, but when the 
effects on litter size and pig weight were combined into litter 
weight, no differences between treatments were shown. Neither 
O'Grady (1967) nor Lodge et (1966a) found differences in 
the number of pigs weaned as a result of their gestation treat­
ments. The litter weight at weaning was reported to be sig­
nificantly (P < 0.01) improved by feeding 2.72 kg., as compared 
to 1.36 kg. intake during pregnancy (O'Grady, 1967). 
Using the same feed intake levels (1.36 kg. and 2.72 kg.). 
Lodge et (1966b) found that net sow weight gains declined 
in successive pregnancies when the daily feed intake was 2.72 
kg. but not when 1.36 kg./day were fed. These results sug­
gested that the greater weight gains, due to high feed allow­
ances, were composed of growth unrelated to pregnancy and would 
decrease with maturity and that weight gain essential for 
pregnancy received priority at low level feeding. 
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Even though most of the experiments have involved the use 
of different levels of feed intake, the effect that these 
treatments have on sow productivity and weight changes is due 
mainly to alterations in the energy intake as suggested by 
the data of Clawson et a^. (1963). This note may help to 
eliminate confusion in the interpretation and comparison of 
studies comparing feed levels and studies comparing energy 
levels. 
Studying the effect of parity and feed distribution on 
the reproductive performance of sows. Lodge (1969) found that 
there is a progressive increase in litter size but no change 
in individual birth weights in successive litters. It was 
observed that sows in the high plane of nutrition (2.72 kg./ 
day) tended to reach an earlier and lower peak in litter size 
than those on lower allowances (1.81 kg./day and 1.36 kg./ 
day); thus, as previously reported (Lodge et •/ 1966a), sows 
on the lowest feed allowance produced smaller litters as gilts 
but subsequently produced larger litters than the high plane 
sows in their third pregnancy. 
Elsley et (1969) combined the results of an experi­
ment conducted at eight different research centers involving 
132 sows. Three levels of feeding in pregnancy were studied: 
3.2, 2.4 and 1.6 kg./day. They found that after the first 
parity, in which animals fed the low level in pregnancy 
tended to produce larger litters (though the difference was 
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not significant), there were no differences in numbers born 
attributable to treatments. As observed in other experiments 
already reviewed, sow live weight gains in pregnancy were 
directly related to feed intake. Increasing pregnancy feed 
levels resulted in consistent and significant increases in 
the weight of the pigs at birth. The improved growth rate 
occurred even though the litters from sows given lower intakes 
in pregnancy tended to consume slightly more creep feed. 
Els ley et (1969) have concluded that there is a con­
sistent relationship between level of feed intake in pregnan­
cy, sow live weight changes and birth weight of the pigs and 
these relationships have been presented in graphical form by 
Elsley (1968) and adapted to tabular form by Speer (1969). 
According to these figures, a sow receiving three megacal. of 
metabolizable energy/day during gestation should maintain her 
body weight unchanged from breeding to post-farrowing, while 
one receiving six megacal./day should gain about 30 kg. in 
the same period. Also, an increase of one megacal./day 
during pregnancy should result in an increase of 45.4 g. in 
average pig birth weight. 
Recently, Baker et (1969) conducted a study of the 
effects of feeding 0.9, 1.4, 1.9, 2.4 and 3.0 kg./sow/day 
during pregnancy, starting at breeding; the ration was based 
on corn and soybean meal (16% crude protein, 3,310 kcal. 
metabolizable energy/kg.) and was designed to meet the 
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requirements for all nutrients, except energy, when fed at 
1.9 kg. Gilts fed only 0.9 kg. diet/day exhibited a lower 
(P < 0.05) farrowing percentage than those fed at higher 
levels a result that was attributed to an interference with 
embryo implantation. It was found that the gross gestation 
weight gain increased quadratically (P < 0.01) as the feed in­
take increased and plateaued at 1.9 kg. The same response was 
observed in birth weight and weaning weight of pigs. The 
litter size (total or live) was not affected by gestation diet 
intake. Gilts fed 1.9 kg./day gained 51 kg. during gestation 
(gross weight gain) and those fed 0.9 kg./day gained 5.9 kg. 
No information on net maternal gestation weight gains or 
parturition weight losses was given. The fact that the gilts 
receiving 0.9 kg./day were able to gain weight impressed the 
authors since this level is much below that which would be 
considered a maintenance intake for non-pregnant gilts based 
on the work of Salmon-Legagneur (1962). The ability of preg­
nant gilts to gain weight during pregnancy has been well 
demonstrated by Elsley et al. (1966) who found that pregnant 
gilts gained over twice as much weight as non-pregnant gilts 
when fed the same amount of feed. This increase in weight is 
partly due to the products of conception and partly explained 
by a more efficient nitrogen metabolism. 
Feeding several levels of feed, Parker and Clawson (1967) 
observed improved nutrient digestibilities in sows as the 
intake level decreased. However, Scott and Thrasher (1969) 
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found no such response in nutrient digestibility as a conse­
quence of feeding 5,050, 6,700 and 8,500 kcal. of digestible 
energy/day. 
An experiment comparing 3,200 and 6,000 daily metabolizable 
kcal. was conducted by Frobish (196 8) and provided results 
conflicting with those already reviewed. Larger litter sizes 
(P < 0.05) were obtained from gilts receiving the high energy 
diet and no significant differences were observed in birth 
weight or weaning weight of pigs. It is possible that the low 
level of energy was exerting a detrimental effect on embryo 
survival, although Heap et al. (1967) observed that embryo 
survival at 28 days after mating is not affected by feed in­
takes as low as 1.36 kg./day compared to 2.72 and 4.09 kg./day. 
It is also possible that gilts in the high energy plane ovu­
lated more eggs due to a higher post-breeding energy intake, 
as suggested by results obtained by Heap et al. (1967), Hardy 
and Lodge (1969), Ray and McCarty (1965) and Lodge and Hardy 
(1968). 
As stated earlier, embryo mortality is likely to be a 
problem when high levels of feed are administered in the ges-
tating gilt. In addition to the evidence supplied by gross 
observations on the reproductive performance, Bazer et al. 
(1968b) have demonstrated that the reduced rate of embryonic 
survival in gilts on high levels of energy intake prior to 
breeding is due to some uterine factor. 
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other work by Bazer et (1968a) indicated that super-
ovulation did not result in an increase in litter size. It 
was first thought that the explanation for this effect was the 
crowding of the uterus and that sufficient uterine tissue for 
the nutrition of the fetuses was not available, but the studies 
of Dziuk (1968) and Fenton et (1968) have negated this 
hypothesis for the early stages of gestation in the swine 
species. Johnson (1969) working with rats and rabbits sug­
gested that maternal capacity for the number of fetuses, and 
not the availability of uterine space, is the limiting factor 
on litter size. 
Bazer et (1969) defined uterine capacity as the ability 
of the uterus to support embryonic development and postulated 
that it may consist of two physiological mechanisms: initial­
ly, embryo selection may occur as the result of the more viable 
embryos' ability to compete for some biochemical factor in the 
uterus which is necessary for their continued development; 
later in gestation, intra-uterine competition for the estab­
lishment of an adequate surface area for nutrient exchange be­
tween fetal and maternal circulation may act to reduce litter 
size (Perry, 1954). Some evidence opposing the idea that 
uterine crowding is involved in the determination of litter 
size was given by Hammond (1921). He indicated that fetal 
atrophy is not due to overcrowding since the fetus itself 
atrophies before the fetal membranes upon which it depends for 
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its supply of nutrients. Krishnan and Daniel (1967) isolated 
a protein from the rabbit uterus and reported that it induced 
blastulation of rabbit morula and stimulated blastocyst devel­
opment. 
With respect to the number of pregnancies that a sow may 
undergo without deleterious effects due to a low level of 
energy intake, little is known. The work by Baker et al. 
(1969) indicates that conception rate of gilts may be impaired 
when very low levels of feed intake are administered even 
though treatment is begun on breeding day. Frobish (1968) has 
indicated that litter size in gilts fed a low level of energy 
is reduced. Long term effects of underfeeding may result in 
a condition known as the thin-sow syndrome (MacLean, 1968) 
which will affect production as the sows fail to return to 
heat with the consequent reduction in pig output/year. 
It has already been stated that a low level of feeding 
(or energy intake) during pregnancy will consistently result 
in a reduced average birth weight and in most cases, a reduced 
average weaning weight. However, according to Vermedahl et al. 
(1969) , the lower gain of pigs utero and during lactation 
does not affect carcass composition except for a significantly 
thicker backfat in pigs from low energy dams at 91 kg. live 
weight. 
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Hysterectomy 
Experimental investigations on the effects of hysterectomy 
on ovarian function in farm animals were initiated by Wiltbank 
and Casida (1956). They found that the corpus luteum was 
maintained after hysterectomizing the ewe and cow. Corpora 
lutea are also maintained following hysterectomy of cycling or 
pregnant pigs (du Buisson and Dauzier, 1959; 
Anderson et , 1961). These corpora are maintained for a 
period exceeding that of gestation. Masuda et al. (1967) 
showed that progesterone levels in ovarian venous plasma and 
corpora lutea of the hysterectomized pig were similar to those 
in pregnant animals during the first 25 days. Luteal tissue 
levels of progesterone are similar in hysterectomized and 
pregnant pigs throughout the period of gestation (Belt et al., 
1970) . Recently, Anderson et (1970) have found that the 
relaxin hormone levels in luteal tissue of both hysterec­
tomized and pregnant sows increase gradually and similarly, 
reaching a peak of approximately 400 yg./g. luteal tissue at 
day 110 and then precipitously decline to negligible amounts. 
Rombauts and du Buisson (1964b) postulated that due to the 
similar state of the corpora lutea in both hysterectomized and 
pregnant sows, the protein anabolism should also be similar. 
They found this to be true since not only the duration but 
also the degree of protein anabolism were similar in both 
groups of animals. 
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These observations, therefore, suggest that hysterecto­
mized sows may be used as "control" animals in studies in­
volving pregnant sows.. 
The possibilities of modifications due to different 
hormonal equilibria between these two physiological states 
should not be excluded. The excretion of urinary estrogen in 
the hysterectomized sow does not exceed the level found during 
the estrous cycle (Rombauts and du Buisson, 1964a). On the 
other hand, the pregnant sow shows two clearly distinct periods 
of urinary estrogen excretion: an increase between days 28 
and 31 of pregnancy and another beginning on day 80 and remain­
ing at a very high level until parturition (Rombauts, 1962). 
Other than this particular difference, the similarities in 
progesterone and relaxin levels and extent of nitrogen reten­
tion indicate that hysterectomized and pregnant sows are suf­
ficiently comparable to warrant the use of hysterectomized 
animals as an aid in the elucidation of the phenomenon of preg­
nancy anabolism and the effect that the presence of fetuses and 
placenta have on the metabolism of the pregnant sow. 
Blood Biochemistry 
Gestation and lactation impose a stress on maternal metab­
olism and the requirements for nutrients are known to be 
increased, particularly during the latter third of gestation 
and during lactation. Although there exists some information 
on humans and sheep, a dearth of information exists for swine 
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with regard to the blood constituents and the way in which 
they may be influenced by nutritional treatments or physio­
logical states. 
Aherne et al. (1969) found that a significant linear 
increase (82 to 102 mg./lOO ml. of plasma) in glucose levels 
of newborn pigs occurred from birth to 12 hours, followed by 
a significant curvilinear decrease (102 to 89 mg./lOO ml. of 
plasma) over the following 36 hours. They also studied glucose 
level changes in the uterine artery and vein of pregnant sows 
from day 82 to day 112 of pregnancy. No definite pattern was 
observed in the changes. The mean glucose levels of the 
uterine artery and vein were 58.6 and 54.7 mg./lOO ml. plasma 
respectively. 
Herak et al. (1968) studied the changes in serum glutamic 
oxalacetic transaminase (SCOT) and serum glutamic pyuvic 
transaminase (SGPT) during pregnancy in sows. Samples were 
taken every month from a total of 50 sows. The activity of 
SCOT increased gradually up to the fourth month of pregnancy 
and in the fourth month, abruptly fell to a value lower than 
that in non-pregnant females. The mean for non-pregnant 
females was reported as 18.8 units/ml., while the means for 
pregnant sows were 24.8 units/ml. (first month), 27.2 units/ml. 
(second month), 30.6 units/ml. (third month) and 14.2 units/ml. 
(fourth month). The corresponding SGPT levels were; non­
pregnant; 33.9 units/ml.; pregnant; 25.4, 31.8, 30.4 and 
22.6 units/ml. for the first, second, third and fourth months 
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of pregnancy. 
More recently, Wastell (1970) reported serum levels of 
SCOT, lactic dehydrogenase (LDH) and urea nitrogen obtained 
from four reproducing gilts on a dietary regimen which pro­
vided nutrients at recommended levels (NRC, 1969) . The samples 
were withdrawn every four weeks during gestation and lactation. 
The mean values were; 23.8 units/ml. for SCOT, 230.9 units/ml. 
for LDH and 15.7 mg./lOO ml. for urea nitrogen. The reproduc­
tive performances of these gilts were, however, considered 
poor. 
Much of the work in humans concerning the levels of 
enzymes in serum has been centered about their use as diagnos­
tic aids in clinical medicine. Some examples include the use 
of SCOT and LDH as diagnostic aids in myocardial infarction 
(LaDue et , 1954) and the use of S GOT and SGPT activities 
as indications of liver disease (Conrad, 1957). Recently, 
investigators have expanded their studies to include enzyme 
determinations in the pregnant state and in complications of 
pregnancies. 
Crisp et (1959) , Theisen et (1961) , Romalis and 
Claman (1962) and Dambrosio (1965a) have found that SGOT activ­
ity in pregnancy and puerperium is not different from levels 
found in non-pregnant women, although they tend to be in the 
lower limit of the normal range during pregnancy (Fleisher 
et al., 1965; Stone et al., 1960). No increase in the levels 
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of SCOT, SGPT and LDH due to retained dead fetuses, spontane­
ous abortion, toxemia of pregnancy or cases of twins was found 
by Romalis and Claman (1962). 
Dambrosio (1965a) also reported no significant changes in 
SGPT activity during pregnancy, although slight rises were 
noted during labor. However, Romalis and Claman (1962) 
observed a rise in SGPT activity three to five days post­
partum. The response in LDH activity followed the same pat­
tern although both groups of researchers agree in that the LDH 
peak occurs during puerperium (Dambrosio, 1965b; Romalis and 
Claman, 1962). Pulkkinen and Willman (1968) reported that the 
total LDH level is higher in pregnant women at term than in 
non-pregnant women (P < 0.01) and that the level of LDH in 
women pregnant for the third or more time is significantly 
higher than in primagravidae (P < 0.05). 
Pregnancy in humans is considered to be one of the forms 
of diabetogenic stress on the islet cells of the maternal 
pancreas (Garnet, 1960). Several clinical and experimental 
studies in healthy pregnant women have shown that both glucose 
tolerance and insulin sensitivity are significantly reduced 
(De Venanzi et , 1954; Burt, 1956? Burt and Pulliam, 1959) 
which suggests that utilization of carbohydrates is impaired 
during pregnancy. Quinto et (1967a) conducted studies 
that indicated that both carbohydrate and lipid metabolism 
undergo significant changes. In healthy pregnant women it was 
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concluded that lipolysis, the amount of circulating fats and 
the peripheral utilization of fatty acids are increased to 
meet the energy needs of the tissues and to counterbalance 
their reduced capacity to metabolize glucose. 
Amano (1967) found that the level of blood glucose in 
rats decreased gradually but progressively during pregnancy 
until the spontaneous delivery. The decrease began on the 
10th day of gestation and it was about 17% at the 19th day 
(last day of gestation). Since the body weight gain of the 
pregnant rats also elevated from the 10th day of gestation, 
the author proposed that a decrease in the glucose level 
during the late stage of pregnancy was likely to have origi­
nated from the increase in glucose utilization necessary for 
the progressive growth of the fetuses and also from the 
adaptive regulation of the glucose metabolism inherent to the 
endocrine changes during pregnancy. The hypoglycemic response 
of fasted pregnant rats associated with the appearance of 
ketosis has also been shown by Scow et al. (1964). 
Free fatty acid (FFA) concentration of peripheral blood 
plasma has been shown to increase significantly between the 
36th and the 40th week of human gestation (Burt, 1960). It 
was suggested that this change was a reflection of the dia­
betogenic effect of pregnancy on metabolic function. This 
interpretation was derived from clinical reports showing an 
adverse influence of pregnancy on the metabolic error of the 
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diabetic patient and from laboratory evidence of gestational 
loss of insulin sensitivity (Burt, 1959; Burt and Pulliam, 
1959) in association with apparent decreased peripheral carbo­
hydrate utilization (Burt, 1958) . Burt et (1962) stated 
that the primary effect of insulin on FFA concentration in 
plasma appears to be mediated by inhibition of fatty acid 
release by adipose tissue. 
The increased levels of FFA in diabetic women have been 
associated with larger babies (Fischer and Moloshok, 1960) 
which present a higher body fat content than the progeny of 
mothers without diabetes (Osier and Pedersen, 1960). In­
creasing the level of plasma free fatty acids with heparin 
injections has been shown to increase the body content of fat 
of rat fetuses without an increase in fetal weight (Mueller 
et al., 1964). 
Mullick et al. (1964) studied serum lipid changes during 
pregnancy in women and found a gradual increase in total 
lipids and esterified cholesterol. One patient was studied 
after labor, and they observed that the level of these lipids 
continued to rise after termination of pregnancy. 
Increasing levels of cholesterol during pregnancy in 
humans have also been reported by Quinto et (1967a) and 
Reboud et al. (1967). The mean level was greater in pregnancy 
than in non-pregnant, obese women, but equal to the level in 
diabetic women (Quinto ^  , 1967b). In pregnant rats Boyd 
(1934) has shown an increase in the blood level of total 
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lipids, triglycerides and cholesterol and McKay and Kaunitz 
(1963) reported an increase in total lipids in the liver as 
well as a decrease in depot fat during pregnancy. 
Hyperketonemia is a phenomenon frequently associated with 
diabetes mellitus, starvation, excessive fat intake or carbo­
hydrate deficiency. The degree of ketosis is determined by a 
dynamic equilibrium between ketone formation in the liver and 
ketone utilization by tissues, particularly muscle (Van 
Itallie and Bergen, Jr., 1961). Quinto ^  (1967a) observed 
a progressive and remarkable rise in serum ketone bodies during 
uncomplicated pregnancy in humans; this, together with an in­
creased level of FFA, suggested that fats supply the bulk of 
the energy requirements of the tissues during pregnancy in 
women, presumably to counterbalance the reduced capacity to 
metabolize glucose (Quinto et al^., 1967a) . 
Exton et (1969), working with perfused rat livers, 
summarized their findings by stating that the physiological 
regulation of ketogenesis appears to involve primarily the 
control of fatty acid supply to the liver, i.e. the regulation 
of lipolysis in fat tissue. 
Maternal blood amino acid levels during pregnancy have 
been found to be related significantly to infant weight at 
birth, thus suggesting that fetal development is stunted when 
amino acids available to the fetus are diminished (Churchill 
et al., 1969). Strachan et al. (1968) observed that when 
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pregnant gilts are offered a protein-free diet throughout 
gestation, the resulting serum protein level and average pig 
birth weight are lowered when compared to (1) a control group, 
(2) a group fed the protein-free diet throughout gestation 
except for days 16 to 20 (implantation) and (3) a group fed 
the protein-free diet after day 24 of pregnancy. This 
suggested that dietary protein at the time of implantation is 
an important factor in determining individual pig birth weight 
but not in determining embryo survival. 
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EXPERIMENTAL PROCEDURE 
General Objectives 
Two experiments were conducted (1) to determine normal 
levels of several biochemical compounds in the serum of gilts 
during the estrous cycle, gestation and lactation; (2) to 
study the relative changes of the levels of these compounds as 
a function of time in gilts subjected to two different levels 
of energy intake and in a physiological state of pregnancy or 
hysterectomy; and (3) to determine the effects of energy in­
take levels on the reproductive performance of gilts through­
out two reproductive cycles. 
General Procedure 
The experiments comprising this study are on file in the 
Swine Nutrition Section of the Animal Science Department, Iowa 
State University, as Swine Nutrition Experiments 6816A and 
6816B. 
Experiment 6816A included the estrous cycle preceding 
breeding, the first gestation period and the first lactation 
period. Experiment 6816B consisted of a second gestation and 
lactation cycle. 
Twenty-eight gilts of cross-bred breeding were obtained 
from the swine nutrition farm. This group consisted of seven 
sets of four littermates of approximately six to seven months 
of age. Each group of littermates was assigned to a house. 
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4.9 X 6.1 meters in plan, which was insulated and devoid of 
windows and was maintained at about 19®C. during the winter. 
The floors of the buildings were uninsulated concrete slabs. 
Each building consisted of four pens so that the animals were 
individually penned. The pigs had free access to automatic 
float controlled water fountains. 
A pre-experimental period consisted of the equalization 
of body weights by gradual adjustments in feeding levels. The 
experimental treatments were imposed when the gilts reached a 
live weight of 118 kg. Thus, the pre-experimental periods 
were variable in length, lasting two to nearly six months. 
Prior to the start of experiment 6816A, all gilts were 
wormed with piperazine. All gilts were bled weekly starting 
at the first estrus after reaching 118 kg. body weight. At 
the next estrus, two gilts in each block (house) were hand-
mated to the same boar twice. Bleeding and weighing were 
reinitiated on the second day of breeding before mating and 
were continued throughout gestation at two-week intervals. The 
other two gilts in each block were hysterectomized one week 
after estrus, the next bleeding and weighing being effected one 
week later and every two weeks thereafter for a period of 112 
days after the last estrus. Two of the intact gilts failed to 
show evident signs of estrus and were injected with pregnant 
mare serum (1,500 I.U.) and human chorionic gonadotropin 
(1,000 I.U.) and hysterectomized seven days after the injection 
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of the latter. The number of corpora lutea of these two 
gilts were not included in the statistical analysis. Surgical 
intervention was similar to that described by Anderson et al. 
(1961) ; the anesthesia used was halothane (2 to 4%) and oxygen 
and was administered at the rate of 300 to 500 cc./min., in a 
closed circuit system of anesthesia. The gilts were randomly 
assigned to treatments which were imposed at the second estrus 
after the pre-experimental period. The dietary treatments 
(Tables 1, 2, 5 and 6) consisted of two levels of daily energy 
intake, 3,000 and 6,000 metabolizable kcal., administered once 
a day from sacks carefully weighed so as to insure that the 
exact amount of energy was being offered every day. The other 
two treatments consisted of hysterectomy and pregnancy. In 
reference to the statistical design, every house was a block, 
thus possible effects due to genetic background, season and 
differences among houses were segregated from the treatment 
and error variation. All four treatments listed above were 
present in each of the houses and correspond to the main plots 
in the split-plot design. The main plots were arranged as a 
2x2 factorial experiment. The sub-plots consisted of the 
bleeding and weighing times. 
Immediately prior to farrowing, the gilts were washed and 
sprayed with toxaphene before entering the farrowing crates. 
The gestation dietary treatments were discontinued at farrowing. 
During lactation all gilts were fed the same amount of feed and 
the litter size was standardized to five pigs (Experiment 
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6 818A). Bleeding and weighings were performed one to eight 
hours after farrowing and weekly thereafter until weaning at 
two weeks. Pigs that died during lactation were replaced 
immediately in order to maintain a constant litter size. 
Experiment 6816B was a follow-up of experiment 6816A. 
Those gilts that farrowed in experiment 6816A were weaned at 
two weeks and immediately returned to their respective energy 
treatments. In contrast to the previous experiment, the 
estrous cycle was not studied and breeding was effected after 
about three weeks had elapsed from the time of weaning in 
order to minimize the effects of weaning on ovulation rate. 
The experimental design was a split-plot with the main plots 
being energy levels and the sub-plots time. No blocks were 
used due to uncoordinated farrowing times and appearance of 
the second post-weaning estrus. Bleeding and weighing were 
performed at breeding and every month thereafter including an 
observation just prior to farrowing. The procedure used 
during lactation was the same as that described for experiment 
6816A except that the litter size was standardized at eight 
pigs/litter. 
All the bleeding and weighings were performed in the 
morning, prior to feeding. The sow was ensnared and bled by 
anterior vena cava puncture (Carle and Dewhirst, 1942) and 
about 23 ml. of whole blood were withdrawn. The bleeding 
operation was performed as quickly as possible in order to 
minimize excitement in the animal; usually, the operation of 
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ensnaring and bleeding took less than one minute. 
The data, both reproductive and biochemical, were statis­
tically analyzed by least-square analysis (Harvey, 1960). 
Analytical Methods 
The blood samples were allowed to stand for 30 minutes 
at ambient temperature. They were centrifuged at 12,000 x g 
for 10 minutes. The serum was removed by pipette into glass 
centrifuge tubes and placed in the centrifuge which was then 
operated at 1,500 x g for another 10-minute period. The 
second centrifugation was performed in order to free the serum 
from cell particles that may have been sucked into the pi­
pettes. Finally, the serum was pipetted into small beakers 
and mixed with a magnetic stirrer. Aliquots of the serum 
sample were transferred into small sterile plastic culture 
tubes in amounts to be used in the duplicate analysis of each 
of the 10 blood parameters. The culture tubes were sealed and 
placed in a freezer at a temperature of -10 to -15*C. The 
entire process of obtaining serum and placing the partitioned 
amounts in the freezer involved one to one and one-half hours. 
The following serum parameters were analyzed; glutamic 
oxalacetic transaminase (SCOT), glutamic pyruvic transaminase 
(SGPT), lactic dehydrogenase (LDH), glucose, urea nitrogen 
(BUN), total free amino acids (AA), free fatty acids (FFA), 
triglycerides (TG), total cholesterol and 3-hydroxybutyric 
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acid (BOHB). The abbreviations herein presented will be used 
in the text as often as is convenient. 
The activity of the enzymes SCOT, SGPT and LDH were 
determined at 340 my. These determinations were usually con­
ducted on the same day of collection. Towards the latter part 
of the experiments, the determinations were made one to three 
weeks after collection due to time limitations. However, 
according to parallel studies with a pool of serum, it was 
found that storage at -10°C. for up to six months did not 
alter the activity of these enzymes. SCOT and SGPT were anal­
yzed according to procedures described by the Sigma Chemical 
Company (1965); LDH was determined by the method of Amador 
et (1963). 
The remaining parameters were all analyzed automatically 
with the aid of a Technicon^ AutoAnalyzer. Glucose was 
determined enzymatically by the oxidase-peroxidase method of 
Hill and Kessler (1961) as modified by Saifer and Robin (1966) 
and adapted to the AutoAnalyzer by Pettigrew (1969). 
BUN was determined simultaneously with the glucose deter­
mination. The BUN procedure was based on the direct reaction 
of urea with diacetyl monoxime (2,3-butanedione-2-oxime) in 
the presence of thiosemicarbazide under acid conditions 
(Technicon Instruments Corporation, 1967). 
^Technicon Instruments Corporation, Ardsley, N.Y. 
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AA were determined colorimetrically following the 
reaction of a-amino groups in dialyzed serum with 2,4,6-tri-
nitrobenzene sulfonate (Palmer and Peters, Jr., 1966). 
FFA were extracted in isopropanol, evaporated to dryness 
and dissolved in chloroform. Following the formation of copper 
soaps, the bound copper was determined colorimetrically by re­
action with diethyldithiocarbamate (Antonis, 1965). 
TG were extracted in isopropanol in the presence 
of a mixture of silicic acid and copper-lime. The automated 
system consisted of the saponification of TG to glycerol, 
oxidation to formaldehyde, followed by condensation with 
diacetylacetone and ammonia to give a fluorescent product, 
3,5-diacetyl-l,4-dihydrolutidine (Kessler and Lederer, 1966). 
Total cholesterol was determined in the same extracts 
used for the determination of TG; therefore, both systems were 
used simultaneously. The cholesterol analytical procedure was 
based on the reaction of concentrated sulfuric acid and anhy­
drous ferric chloride in glacial acetic acid with steroids 
having 5-ene 3-6-ol grouping (Technicon Instruments Corpora­
tion, 1965; Block et £l., 1966). 
The BOHB determination was based on the enzymatic oxida­
tion of BOHB to acetoacetic acid coupled to the reduction of 
3-NAD. The resulting B-NADH was fluorometrically determined. 
The procedure for this analysis is a modification of one 
described by Antonis et (1966) and is described in Appendix 
II. 
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All tables and figures referred to in this dissertation 
are presented in Appendix I in numerical order. Coefficients 
of variability are presented in Tables 8 through 34. These 
values were calculated by dividing the square root of the 
main plot error mean square by the means reported in the same 
tables. Schemes of the analyses of variance for ail criteria 
are also included in Appendix I, Tables 35 through 41. 
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RESULTS AND DISCUSSION 
Energy Intake 
Experiment 6816A 
The performance of the gilts during the first reproduc­
tive cycle has been summarized in Tables 8 and 10 and that of 
the second reproductive cycle is presented in Tables 9 and 11. 
The similarities between the low and high energy gilts for the 
first reproductive cycle are remarkable. Conception rate was 
the same as well as the litter size at farrowing. The average 
birth weight of pigs were similar. The average weaning 
weights of pigs were the same for both treatments (Table 8). 
However, little attention should be placed on the latter 
criterion since some pigs were replaced during lactation and 
the replacing pigs were not always of the same weight as those 
that died. A more meaningful criterion is the litter lacta­
tion weight gain (Table 10) which includes the weight gains 
made by the pigs that died during lactation and the weight 
gains made by the replacing pigs. The litter lactation weight 
gain was better in those gilts that were fed 3 megacal./day 
during gestation than the group receiving twice as much meta-
bolizable energy (8.9 vs. 7.4 kg., respectively). This 
finding is in disagreement with Smith (1960a) who indicated 
that low-condition sows produce less milk than those in high 
condition. Based on weight gain of pigs during a lactation 
period of three weeks Nixt (1968) stated that milk yield was 
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perhaps higher in a group of sows that had been fed 2.27 kg./ 
day throughout gestation as compared to sows receiving 1.36 
kg./day. Fat content of the milk at 21 days was found to be 
higher in the high energy group; however, higher fat content 
without increased protein content is generally considered of 
little benefit to the nursing pig (Smith 1960b; Lucas and 
Lodge, 1961). No studies on milk yield or composition were 
conducted in the experiments reported in this thesis, but 
litter weights obtained at one week of age indicate that while 
litter weight gains at the end of the first week of lactation 
were similar (3.27 vs. 3.43 kg. for the low and high energy 
gilts), the weight gain during the second week was higher in 
the low energy group than in the high energy group (8.9 vs. 
7.4 kg., respectively). Thus the low energy gilts may have 
produced more milk than the high energy gilts during the second 
week of lactation. 
During lactation, both groups of gilts gained weight al­
though the low energy gilts gained more weight than the high 
energy animals (Table 10 and Figure 1). Studies on weight 
changes during lactation indicate that gilts or sows on a high 
plane of feeding lose weight during lactation while those on a 
low plane lose a minimum of weight, or even gain during lacta­
tion, depending on the severity of feed restriction during 
gestation and the amount of feed intake during lactation 
(Lodge et al., 1961; Lodge, 1969; Elsley et al., 1968, 1969). 
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Most of the work in this area, however, has been conducted on 
an 8-week lactation period. Nevertheless, it has been reported 
that weight losses during lactation occur even when the lacta­
tion period is of a duration of only three weeks (Nixt, 1968) 
or two weeks (Ruiz et al., 1968) . The latter two citations 
are of interest since the litter size at weaning was small 
(5.1 to 5.6) and, therefore, comparable to the litter size in 
the reproductive cycle under discussion. It may be observed 
in Table 12 that the low energy gilts lost less backfat thick­
ness than the high energy gilts during lactation (0.78 vs. 1.17 
cm., respectively). 
If the gross gestation weight gain and the parturition 
weight loss are compared (Table 10), it may be realized that 
the low energy gilts gained 0.3 kg. from the beginning to post-
farrowing while their counterparts gained 35.9 kg. net weight. 
The net gain of the low energy gilts is in close agreement with 
the prediction by Elsley (1968) that a sow (second pregnancy) 
receiving 3 megacal./day during gestation should maintain its 
weight; on the other hand, the high energy gilts gained much 
more weight than predicted by Elsley for second-litter sows 
(35.9 vs. 22.0 kg., respectively). This suggests that the 
slope of the curve relating energy intake/pregnancy to net 
maternal weight gain is greater for gilts than it is for 
second-litter sows. It appears that the different responses 
are related to basic physiological differences between gilts 
and sows, but it is also possible that these differences were 
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affected by different environmental surroundings in Elsley's 
studies as compared to the author's. These environmental 
differences are given as follows; Elsley's animals were 
(1) apparently group-penned; thus the possibility of coproph-
agy was present, (2) maintained in bedded pens; thus it was 
possible that digestibility and weight gain may have been 
affected by gut fill and presence of nutrients in the bedding 
material, and (3) not protected from outside temperature vari­
ations. On the contrary, the animals used in the studies 
reported herein were (1) individually confined in pens that 
were periodically cleaned thus reducing the coprophagy inci­
dence to a minimum, (2) maintained in bedding-free, concrete-
floored pens, and (3) kept in enclosed buildings at a minimum 
temperature of 19®C throughout pregnancy. Thus, the environ­
ment was better controlled in these studies and variations or 
modifications in responses to energy treatments were perhaps 
reduced to a lower level than was the case in Elsley's experi­
ments . 
It should be pointed out in the interpretation of net 
weight gains found in this study that the litter weight at 
birth was larger than or almost as large as the parturition 
weight loss. Excessive water intake was observed prior to and 
following farrowing and resulted in an overestimation of the 
post-farrowing weight (Table 10). Therefore, the net maternal 
weight gain during gestation was overestimated. Nevertheless, 
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it is generally accepted that the total weight loss due to 
parturition is about 9.5 «.g. plus the litter birth weight 
(Salition-Legagneur and Rerat, 1961) and since both groups of 
gilts farrowed similar litters, both in size and weight, it 
may be argued that both maternal gain estimates were affected 
in the same degree and the suggestion that the slope of the 
energy intake vs. net maternal weight gain curve is more 
positive for gilts than it is for sows remains valid. 
With respect to the weight changes observed in the 
hysterectomized gilts, those that received 6 megacal./day 
gained 28.4 kg. in a period of 112 days while those on the low 
energy level lost 13.1 kg. (Table 10 and Figure 1). It is not 
known how intact, non-pregnant gilts would have responded to 
the experimental diets in terms of weight gain in 112 days. 
It is possible that the response would not have been too 
different from that observed in hysterectomized gilts despite 
the existence of an increased nitrogen anabolism in the latter 
animals as shown by Rombauts and du Buisson (1964b). On the 
other hand, it has been stated in the previous paragraph that 
the true weight loss due to farrowing is about 9.5 kg. plus 
the total litter weight at birth, or 20 to 21 kg. for the low 
and high energy groups, respectively. Elsley ^  (1966) 
estimated this value at 20.7 kg. for gilts that received 2.2 
kg. of feed/day. Calculation of weight differences between 
intact and hysterectomized gilts at the end of gestation (Table 
10) provides the following results: low energy, 22.7 kg., and 
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high energy, 19.3 kg. in favor of the intact animals. If the 
true weights are subtracted from these values it may be found 
that the probable true post-farrowing weight would be very 
similar to the weight of the hysterectomized gilts at the end 
of 112 days. It is known, however, that pregnant gilts, in 
addition to producing carcasses similar or greater in weight 
to those produced by non-pregnant, intact gilts, also increase 
the weight of the mammary region (about 3.2 kg.), empty repro­
ductive tract (about 5.1 kg.) and blood (about 1.0 kg.), 
(Elsley, et , 1966); thus, approximately 9.3 kg. would 
represent what is known as pregnancy anabolism. This weight, 
according to the calculations above, is part of the weight gain 
observed in the hysterectomized gilts and leads to the specu­
lation that a phenomenon similar to pregnancy anabolism (as 
defined and illustrated by Salmon-Legagneur and Rerat, 1961) 
occurs in these animals. In support of this idea, it was 
observed that backfat thickness in both groups of hysterecto­
mized gilts decreased during the simulated gestation (Table 
12). The decrease in backfat thickness in the low energy 
group could be due to a decrease in weight (-13.1 kg.. Table 
10 and Figure 1) as a consequence of feeding a diet that failed 
to meet maintenance requirements. However, the backfat thick­
ness change in the high energy group was not accompanied by a 
decrease in weight; in fact, the body weight of these gilts 
increased 28.4 kg. in 112 days. This can only be explained by 
a rearrangement of the relative weight changes of the various 
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tissues of the body (muscles, fat, skeleton) and consequently, 
by a change in water content. Bourdel and Jacquot (1959) and 
Salmon-Legagneur et al. (1960) have shown in the rat that the 
amount of water in the carcass is generally higher during 
pregnancy, while the amount of lipid tends to diminish. 
Salmon-Legagneur and Rerat (1961) and Elsley et al. (1966) 
have shown that pregnant sows have less fat tissue and more 
muscle than controls of the same weight. 
Experiment 6816B 
As in the first reproductive cycle, sows of both treat­
ment groups during the second cycle farrowed exactly the same 
number of pigs, however, they differed in all other respects 
(Table 9). Farrowing rate was lower in the low energy group 
(2/6 vs. 5/6) since they did not show heat or were sterile 
(the exact reason is unknown). Baker et al. (1969) observed 
impaired farrowing rate (61%) in gilts that were fed 0.9 kg./ 
day, beginning at breeding, although the cause was attributed 
to an interference with embryo implantation. Failure to 
return to heat has been reported as a symptom in the thin-sow 
syndrome (MacLean, 1968). If the weaning weights of the gilts 
at the end of the first reproductive cycle are compared to the 
starting (breeding) weights in the second reproductive cycle 
(Figures 1 and 12 or calculations from Tables 10 and 11) it is 
obvious that the gilts receiving the low level of energy lost 
more weight preceding the second mating than their counterparts 
36 
(19.6 vs. 4.9 kg., respectively); the corresponding average 
number of days between weaning and re-mating were 58 and 48. 
Only one gilt in each treatment was bred 27 days after weaning; 
the one on the high energy level had lost 10.4 kg. while the 
one on the low plane had lost 14.3 kg. Thus, stress was more 
severe in those sows that were restricted in energy intake and 
may explain the failure to return to heat in this group. 
Having this in mind it is surprising that the two gilts on the 
low level of energy managed to maintain and complete pregnancy 
at all. Photographs of representative animals are shown in 
Figures 23 and 24. Since only three gilts receiving the low 
energy treatment and five receiving the high energy treatment 
showed heat, were mated and conceived, the true conception 
rate for both treatments was actually 100%. One gilt in the 
low level of energy aborted after three months of pregnancy. 
Equal numbers of pigs were farrowed by both groups of 
sows. Of the eight pigs farrowed/sow, eight were born alive 
in the restricted group and only 5.4 in the high energy group. 
The average birth weight of the live pigs was significantly 
higher (P < 0.05) in the high energy group (Table 9). This 
relative difference was maintained until weaning, at which time 
the average birth weights had doubled (2.1 vs. 3.4 kg., 
P < 0.005). 
An indication of mortality during lactation may be 
obtained by comparing the number of pig losses occurring in 
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both energy levels. The low level group lost an average of 
1.5 pigs per litter while the high level group lost 2.8 pigs 
(Table 9). The latter group also lost more pigs during the 
first reproductive cycle (1.5 vs. 0.3 pigs). 
In contrast to the total litter weight gain performance 
obtained in the first reproductive cycle, this criterion was 
adversely affected by restriction of energy intake during 
gestation (Table 11). If the two reproductive cycles are com­
pared (Tables 10 and 11) the low energy group failed to improve 
its production of litter weight in the second lactation while 
the high energy group increased the litter weight gain in the 
second lactation. This might be a reflection of depletion of 
fat stores in the low energy dcuns in addition to an overall 
poor condition of these sows (compare Figures 23 and 24). No 
backfat probes were taken during gestation or lactation but 
backfat thicknesses were determined in most sows approximately 
two weeks after weaning. At this time, the average backfat 
thicknesses were 1.0 cm. for the low energy sows and 3.8 cm. 
for the high energy ones. 
As far as gross weight changes during gestation are con­
cerned, the low energy sows gained almost twice as much as they 
did during the first gestation (Tables 10 and 11) while the 
high energy sows gained approximately as much as they did in 
the first gestation period. During lactation, both groups of 
sows gained weight again, although the low energy ones gained 
about 11 times as much as the high energy sows, and about three 
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times as much as they gained during the first lactation. This 
performance may signify that the two sows on the low plane of 
nutrition were the most efficient energy utilizers in the 
original group. Thus they were able to withstand the rigors 
of the treatment imposed during the first gestation cycle, 
recovered somewhat during the first lactation period and 
despite a large loss of weight after weaning, conceived and 
retained the ability to complete another reproductive cycle. 
Blood Biochemistry 
Experiment 6816A 
The changes in the levels of the different blood para­
meters studied are graphically represented in Figures 2 
through 11; each figure is followed by a table showing the 
averages and statistical significance of the changes and treat­
ment effects (Tables 14 through 23). These parameters include 
glucose, triglycerides (TG), free fatty acids (FFA), g-hydroxy-
butyric acid (BOHB), total cholesterol, total free amino acids 
(AA), urea nitrogen (BUN), glutamic oxalacetic tremsaminase 
(SCOT), glutamic pyruvic transaminase (SGPT) and lactic 
dehydrogenase (LDH) and their presentation is in that order. 
Estrous cycle Due to the fact that all gilts received 
approximately the same feed allowance (1.5 kg./day) during the 
estrous cycle, all values have been combined to yield one 
single curve. Each mean represents 26 observations. 
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Other than the changes in cholesterol, BUN, SGPT and LDH, 
no particular effects were observed as a function of estrus. 
Of the aforementioned metabolites only the cholesterol changes 
showed some degree of cyclic nature; the highest levels were 
observed during heat while the lowest values were found in 
between heats; this quadratic effect of time was significant 
(P < 0.005). These changes might be related to steroidogenesis 
in the ovary. The BUN level changes did not seem to be of a 
cyclic nature, since there was a significant quadratic increase 
(P < 0.05), except that the two highest levels were obtained 
during heat while the lowest were in between heats. The 
enzymes SGPT and LDH decreased linearly (P < 0.005) from the 
pre-breeding heat to the breeding heat. No explanations are 
readily available as to why these changes took place. 
Apparently, studies of this nature during the estrous 
cycle are uncommon. One paper (Amano, 1967) has presented 
data indicating that a peak in blood glucose levels occurred 
during proestrus and a decrease during diestrus in the rat. 
The work of Kostyo (1957) and Hazelwood and Nelson (1965) sug­
gest that these changes in glucose may be due to changes in 
estrogenic activity. 
Gestation During gestation, the average levels of the 
blood parameters other than FFA and the enzymes were signifi­
cantly affected by the energy treatments. The pregnant gilts 
showed an increased nitrogen metabolism since the average 
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level of total free AA and BUN were greater than the levels 
found in hysterectomized gilts. Time did not significantly 
affect the glucose, total free AA and enzyme levels. Each 
mean plotted in the figures represent six gilts in each of 
the two pregnant groups and seven in each of the two hyster­
ectomized groups. 
The glucose levels did not increase during pregnancy, as 
has been shown to be the case in humans, nor did they decrease 
as occurs in rats. It seems as if the maintenance of a cer­
tain basal level of glucose is a necessary function in gilts 
since despite a severe restriction in energy (carbohydrate) 
intake, the restricted gilts managed to maintain a level 
similar to that observed in the high energy gilts. In fact, 
the low energy gilts consistently had a slightly greater con­
centration of glucose, which resulted in a significant overall 
difference between the low and high energy gilts (P < 0.05). 
Pregnancy did not seem to affect the fasting level of glucose. 
This latter observation agrees with the results of Aherne 
et al. (1969) although the average level of plasma glucose 
reported by these investigators was lower than the one reported 
here (56.7 vs. 67.4 mg./lOO ml., respectively). 
As observed with glucose, TG levels were rather constant 
throughout pregnancy. The high energy gilts showed slightly 
greater values throughout pregnancy (P < 0.05). There was a 
significant time x energy level interaction which was due to 
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decrements in the level of TG in the low energy gilts (but not 
in the high energy gilts) during the first and last thirds of 
gestation (Figure 3). Boyd (1934) has demonstrated a hyper-
triglyceridemic effect of pregnancy in rats while Quinto et al. 
(1967a) showed that the concentration of glycerides in preg­
nant women increase during the last trimester; a similar ob­
servation on TG levels in pregnant women has been reported by 
Burt (1960). 
Serum FFA concentrations (Figure 4 and Table 16) increased 
significantly during pregnancy (P < 0.005), the sharpest rise 
occurring during the second half of gestation thus resulting 
in a quadratic time effect. Part of the overall rise was due 
to time per se and/or a continuous action of progesterone 
since the hysterectomized gilts showed a moderate rise in the 
level of FFA. However, the steep rise occurring in the second 
half of pregnancy, coupled with the observation that glucose 
levels did not change throughout gestation, suggests that free 
fatty acids are the principal energy-yielding substrate sup­
plying the bulk of the energy requirements of the tissues and, 
apparently, of the fetuses. This is supported since not only 
the low energy gilts increased their circulating levels of FFA 
but also the high energy group. Also, backfat thickness 
decreased in both groups during the second half of gestation 
(Table 12). Quinto et al. (1967a) also suggested that lipids 
increase during pregnancy in women to meet energy needs of the 
tissues and to counterbalance the impaired ability to utilize 
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glucose due to a reduced insulin sensitivity (De Venanzi 
et al., 1954). In the pregnant sow, no studies on insulin 
sensitivity have been conducted, although due to an absence 
of hyperglycemia (a classical sign of severe insulin defi­
ciency) it seems that pregnancy diabetis does not occur in the 
sow. 
The changes in 3-hydroxybutyric acid (BOHB) concentrations 
were used to estimate ketone production. The studies of 
Williamson et (1962) indicate that the ratio of BOHB to 
acetoacetate in the blood is constant and is about 2.5. Quinto 
et al. (1967a) showed a parallelism between BOHB and the com­
bined acetone plus acetoacetic acid levels in plasma of preg­
nant women. 
The changes in BOHB levels obtained during the first 
gestation period are shown in Figure 5 and statistically 
examined in Table 17. A marked linear increase (P < 0.001) 
was observed as pregnancy progressed, the concentration in the 
low energy gilts being significantly greater (P < 0.001) than 
in the high energy group. The interaction of physiological 
state vs. time (P < 0.005) is illustrated by the fact that an 
additional increase in the levels of BOHB occurred during the 
second half of this period, as compared to the hysterectomized 
gilts. Hyperketonemia due to pregnancy has been described in 
the rat (Scow et al., 1964), sheep (Ferris et al., 1969) and 
women (Quinto et al., 1967a). Much similarity between the FFA 
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and BOHB curves is evident (Figures 4 and 5). PFA are known 
to be precursors of ketone bodies (Mayes and Felts, 1967). 
According to Mahler and Cordes (1966, pp. 516 and 526) fatty 
acid oxidation proceeds partly to completion (to COg and HgO), 
while the rest goes to acetyl-SCoA or acetoacetyl-SCoA. In 
addition, two molecules of acetyl-SCoA may condense to form 
aceto ace ty1-SCoA. There is an enzyme in liver (deacylase) 
that catalyzes the deacylation of acetoacetyl-SCoA to aceto-
acetate and HSCoA. This particular reaction is irreversible, 
Acetoacetate may also be formed following condensation of 
acetoacetyl-SCoA with acetyl-SCoA, to form 0-hydroxy-g-methyl 
glutaryl-SCoA, and cleavage of this compound to acetyl-SCoA 
and acetoacetate. Thus, in the liver, acetoacetate formation 
appears to occur normally in association with fatty acid 
catabolism. The other ketone bodies are formed via reduction 
(BOHB) or decarboxylation (acetone) of acetoacetate; the form­
er is a reversible reaction while the latter is irreversible. 
Why is BOHB accumulated in the blood? Why do the levels 
of BOHB increase as a function of pregnancy stage? If ketones 
are derived from FFA oxidation higher levels of BOHB in the 
high energy pregnant gilts would be expected (compare Figures 
4 and 5). To answer the first question it is necessary to 
start from the premise that energy requirements are being met 
in the high energy gilts, while the low energy gilts are 
definitely deficient in energy intake. Consequently, FFA and 
BOHB levels are seen to increase in the low energy gilts 
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shortly after the onset of gestation, while no such changes 
occur in the high energy animals. However, the rise in BOHB 
does not have to occur since acetyl-SCoA may be metabolized 
by condensation with oxalacetate to form citrate which is 
further oxidized in the citric acid cycle, or it may condense 
to form acetoacetyl-SCoA (as mentioned above) which in turn 
can participate in lipogenesis or cholesterol biosynthesis. 
According to the author's assumption, lipogenesis, if it 
occurs at this time in the low energy gilts, is overshadowed 
by lipolysis, and cholesterol biosynthesis is apparently 
occurring at a very reduced rate or not at all (as will be 
explained below). This leaves the first alternative for dis­
cussion. Due to a deficiency in carbohydrates in the low 
energy gilts, it is probable that there is a resulting defi­
ciency of phosphorylated glucose within the liver which in 
turn results in a deficiency of oxalacetate. In addition to 
this, a diminished rate of operation of the citric acid cycle 
has been observed in circumstances of excessive mobilization 
of fatty acids and/or limited carbohydrate supply, due to a 
depressed activity of the enzyme citrate lyase whose activity 
is stimulated by carbohydrate intermediates (White et , 
1968, p. 505). Thus, during the increased fatty acid catab-
olism that occurs in the liver, the number of acetyl-SCoA 
units that are being produced exceed the available amount of 
oxalacetate molecules which are necessary for condensation in^ 
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to the citric acid cycle. Therefore, the acetyl-SCoA 
molecules accumulate and condense to form acetoacetate. 
Geyer and Cunningham (1950) provided evidence in support of 
this theory by blocking the citric acid cycle with malonate 
and obtaining increasing amounts of acetoacetate. 
Corwin (1959) has demonstrated the existence of an 
oxalacetate decarboxylase enzyme in the rat liver which may 
indicate that the liver has a special need for carbohydrates 
in order to replenish its supply of oxalacetate. 
While ketonemia was absent in the initial stages of preg­
nancy in the high energy gilts, a rising level of BOHB was 
evident during the latter two-thirds of pregnancy. The level 
of BOHB in the low energy gilts continued to rise as well. 
These effects may be explained in similar terms as used in a 
previous paragraph due to an increasing demand for energy as 
the fetuses developed at a faster rate. Not only the FFA 
levels increased at this time but also the backfat thickness 
decreased as described earlier. 
At this point it is convenient to return to the condensa­
tion reaction whereby acetoacetyl-SCoA emd acetyl-SCoA form 
6-hydroxy-B-methyl glutaryl-SCoA (HMG). White et al. (1968, 
p. 503) have stated that the above reaction is a major fate of 
acetoacetyl-SCoA. HMG may be utilized in either of two meta­
bolic pathways: one consisting in the cleavage to acetyl-SCoA 
and acetoacetate (already discussed) and the other consisting 
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of the biosynthesis of cholesterol via the formation of meva­
lonic acid. Mahler and Cordes (1966, p. 520) have indicated 
that virtually all of the HMG is channeled into cholesterol 
synthesis. Thus, with increasing FFA catabolism one would 
expect an increasing concentration of serum cholesterol. How­
ever, this was not the case (Figure 6). In fact, cholesterol 
levels during gestation decreased (as compared to estrus 
levels) in the low energy groups. This effect was more evident 
in the pregnant gilts. The levels of cholesterol tended to 
remain at a constant level in all groups. This phenomenon 
might be explained by the findings of Wieland et al. (1960) who 
reported that in livers from starved rats there is a striking 
decrease in activity of HMG reductase and, consequently, the 
rate of cholesterol synthesis is reduced. It is possible that 
a similar phenomenon may be occurring in the low energy gilts 
which showed a decrease in cholesterol concentrations. How­
ever, this does not explain the absence of cholesterolemia in 
the high energy gilts unless the tendency in the swine species 
for formation of cholesterol from HMG is not as strong as 
stated by Mahler and Cordes (1966, p. 520). Gradual increases 
in the levels of cholesterol during pregnancy have been re­
ported by Mullick et (1964), Quinto et al. (1967a) and 
Reboud ^  al. (1967) in humans, and by Boyd (1934) in rats. 
Nitrogen metabolism has been estimated through changes in 
total free AA and urea nitrogen (BUN), which are graphically 
represented in Figures 7 and 8, respectively. The summarized 
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statistical analyses are presented in Tables 19 and 20. It 
is evident that while a low energy diet significantly reduced 
the levels of circulating free AA (P < 0.001), the state of 
pregnancy in some way increased such levels (P < 0.001). 
Highly significant increases in BUN were observed in the low 
energy gilts, both pregnant and hysterectomized (P < 0.001). 
A smaller increase was observed in the pregnant gilts over the 
hysterectomized gilts (P < 0.05). Urea is the end product of 
nitrogen metabolism in terrestrial vertebrates (Mahler and 
Cordes, p. 702); therefore, an increase in urea levels 
indicates an increase in protein catabolism with the apparent 
objective of supplying carbohydrate intermediates, especially 
glucose for the maintenance of homeostasis of this carbo­
hydrate . 
It is known that while most amino acids are glycogenic, 
some are glycogenic and ketogenic (isoleucine, lysine, 
phenylalanine and tyrosine) and leucine is strictly ketogenic 
(Mahler and Cordes, 1966, p. 691). This observation relates 
protein metabolism not only to carbohydrate metabolism but 
also to ketogenesis (and lipogenesis) and may be another 
factor contributing to the observed increased ketonemia in 
low energy pregnant gilts over the high energy pregnant gilts, 
which had slightly greater (but not significantly increased) 
FFA levels (Figure 4). Twenty-four years ago Peters (as 
quoted by Van Itallie and Bergen, 1961, p. 915} related the 
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protein catabolism to ketogenesis in the following statement: 
"When the evidence is all summed up it seems to indicate that 
ketogenesis increases when protein assumes the functions of 
carbohydrate, including the formation of hepatic glycogen." 
Interpretation of the changes in serum total free AA is 
difficult. While one can readily associate increased levels 
of urea with protein catabolism it is not obvious how protein 
catabolism would be reflected in the levels of circulating AA. 
If from inference one concludes that since the low energy 
gilts show a higher level of BUN then the corresponding low 
AA levels would also indicate increased protein catabolism. 
On the other hand, comparison of the pregnant gilts with the 
hysterectomized gilts yields higher BUN levels in the pregnant 
animals and, corresponding to this observation, higher AA 
levels are also found in these animals. Thus, contradiction 
exists. It is possible that homeostasis of blood AA in preg­
nant gilts is different from that in non-pregnant gilts, 
perhaps due to hormones produced in the placenta, and at the 
present this seems to be the logical (although general) 
explanation for these divergent results. 
The measured enzyme activities during pregnancy remained 
rather constant (Figures 9, 10 and 11; Tables 21, 22 and 23). 
The energy x time interaction observed in SGPT and the signifi­
cant difference between hysterectomized and pregnant gilts in 
LDH were mostly due to the erratic behavior of the low energy 
hysterectomized gilts. 
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There was a sharp peaik in all three enzymes observed a 
week after hysterectomizing the low energy gilts (i.e. at 
week-2 of gestation) which might be interpreted as a decreased 
ability of these animals to heal the wounds inflicted during 
surgical intervention. The average values obtained are 
similar to those reported by Wastell (1970) except for the 
SGOT values which are slightly lower than those of Wastell. 
Experiment 6816B 
Gestation The responses in blood parameters obtained 
during the second gestation are presented in Figures 13 
through 22 and Tables 25 through 34. The general patterns of 
changes were found to be similar to the changes already de­
scribed for experiment 6816A. A few deviations from these 
patterns were observed and will be discussed in the following 
paragraphs. 
The overall gestation mean for FFA was greater in the 
second reproductive cycle as compared to the first, a result 
of a high starting level of FFA in both energy levels. However, 
while there was an increase in the low energy group as preg­
nancy advanced, only a slight increase was noted in the high 
energy group during the fourth month of pregnancy (Figure 15). 
The same description may be used to describe the changes 
observed with respect to B-hydroxybutyric acid (Figure 16). 
The difference observed between the two energy groups during 
the first gestation period was much more evident during the 
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second gestation. The BOHB levels for the high energy gilts 
decreased during the first month of pregnancy and continued 
at this reduced level for the rest of pregnancy so that the 
mean for this group (19.7 yM) was similar to the mean observed 
during the first gestation cycle (19.2 pM), 
The total cholesterol levels remained stable throughout 
pregnancy and the relative difference between the two energy 
levels was approximately the same as shown in the first repro­
ductive cycle. Both treatment groups showed an increase of 
about 10 mg./lOO ml. serum over their respective means in the 
first gestation period. 
Total free AA responded in a fashion similar to the 
previous gestation period. 
The level of BUN in the low energy gilts increased dra­
matically as compared to the previous gestation levels. The 
mean for the high energy gilts remained at a level very similar 
to that observed during the initial gestation period while the 
low energy gilts increased 28% over the meein for the first 
gestation. 
The activities of the three enzymes remained more or less 
constant throughout gestation (as observed in the preceding 
pregnancy) and did not differ in magnitude from previous means. 
It is necessary to point out that each average plotted 
against time during the second reproductive cycle comprised 
only two sows in the low energy group and five in the high 
energy group while during the first cycle (excepting estrus) 
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each average represented six gilts in each pregnancy group. 
Also, while during the first gestation samples were obtained 
biweekly, the samples during the second gestation were ob­
tained every four weeks. Thus, there was a great reduction in 
accuracy and degrees of freedom during the second gestation. 
A consequence of this has been the absence of statistical 
significance in many of the differences and changes observed 
during the second gestation even though these differences and 
changes seemed to duplicate prior observations. 
The value of the results obtained during the second 
reproductive cycle lie, therefore, first in the confirmation 
of observations obtained during the first reproductive cycle 
and, second, in the provision of some information in regard to 
the overall average changes occurring between two consecutive 
reproductive cycles. 
Experiments 6816A and B 
Lactation As in gestation, great similarities existed 
between the two lactation periods studied as far as relative 
time changes were concerned and, also, as far as the effects 
of the two energy levels were concerned. In fact, despite the 
shortness of the lactation period, the two treatment groups 
seemed to respond nearly equally, as will be apparent during 
the discussion of the various serum parameters. It was felt 
that by combining both lactation performances a clearer picture 
of the changes would be obtained. Therefore, this section is 
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not separated into the individual experiments (reproductive 
cycles). 
Figures 2 and 13 show a phenomenon consisting of an 
elevation of the serum glucose levels during lactation. This 
increase occurred immediately after farrowing and was main­
tained, to a lesser degree, for the rest of lactation. Glucose 
is an important substrate for the synthesis of lactose 
(Palmiter, 1969). There is evidence indicating a large uptake 
of glucose from the blood by the sow's mammary gland (Linzell 
et aly, 1969; Spincer et , 1969). This uptake accounts for 
approximately 60% of the total uptake of constituents from the 
blood. The fact that little or no FFA are taken up by the mam­
mary gland (Linzell et , 1969) indicates that glucose is a 
substrate utilized by the mammary gland not only for the syn­
thesis of lactuse but also for the synthesis of fatty acids. 
According to Linzell et (1969) triglycerides are 
almost completely cleared from the blood by the mammary gland. 
The relative uptake of TG accounted for 11% of the total uptake 
of blood constituents as calculated by Spincer et (1969). 
However, these investigators noted that TG would not account 
for the high level of fat present in sow's milk (about 8%). 
Cholesterol is not taken up (Linzell et , 1969) while small 
amounts of BOHB are taken up by the mammary gland (Linzell 
et al., 1969; Spincer et , 1969). The uptake of the latter 
compound corresponds to an arteriovenous difference of 10 to 
25%. 
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Fritz (1961) and Masoro (1962) have shown that the 
lactating mammary gland has a high lipogenic activity and 
Keenan and Colenbrander (1969) showed that freshly secreted 
swine milk contains a well organized system for glyceride syn­
thesis. Thus, it appears that glucose makes a major contribu­
tion to mammary gland metabolism in the sow. 
In the light of the information given in the previous 
paragraphs, it is possible to postulate metabolic relation­
ships which might explain the changes observed during lacta­
tion. The observations on glucose have already been discussed. 
Several possible explanations for the increased level of glu­
cose exist. It was suggested earlier in the text that during 
gestation the probable source of glucose was body protein and, 
perhaps, glycerol. During lactation, the same may be true 
despite the high rate of uptake of AA by the mammary gland 
(30% of the total uptake) according to Spincer et c^. (1969). 
Nevertheless, it appears that no additional breakdown of body 
proteins occurs during lactation as compared to gestation 
(Figures 7, 8 and 19), if the level of BUN truly reflects this 
phenomenon. In addition, the levels of circulating AA during 
lactation are higher than the levels observed during gestation. 
Thus, the increased levels of glucose during lactation are due 
not to an increased protein catabolism but to the increased 
feed intake which due to its large volume (3.5 kg./day), was 
consumed over an extended period of time. Fat depots were 
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mobilized to a great extent as is obvious from the large 
decrease in backfat thickness due to lactation (Table 12) and 
this could well have been another source of glucose. 
An interesting response was observed in the levels of FFA 
during lactation; a consistent sharp decrease occurred during 
the first week of lactation (Figures 4 and 15) and remained 
low for the rest of lactation. This happened concurrently with 
a backfat reduction. At first it was thought that perhaps the 
mammary gland removed these lipids from the blood at a very 
high rate. However, the work of Linzell et al. (1969) has 
provided sufficient proof that this is not the case. In fact, 
the arteriovenous difference of this fat precursor was very 
small. In view of this fact, it seems that the reduced level 
of FFA in the blood of lactating gilts was due, in part, to an 
increased utilization of these compounds for the synthesis of 
triglycerides and cholesterol esters by the liver. This sug­
gestion is supported by the observed increased levels of TG 
and total cholesterol during lactation (Figures 3, 6, 14 and 
17) . 
Another metabolic fate of FFA appeared to be its degrada­
tion to CO2 and H^O or acetyl-SCoA. The highest levels of 
BOHB were observed during lactation (Figures 5 and 16) thus 
indicating that the production of ketones was an important 
route of FFA disposal. The significance of this result is 
enhanced by the fact that cholesterol synthesis was increased 
(due perhaps to a reactivation of the enzyme responsible for 
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the reduction of 3-hydroxy-B-methyl glutaryl-SCoA to mevalonic 
acid) so that much of the acetyl-SCoA formed by degradation of 
FFA was diverted away from ketogenesis. 
With respect to the enzymatic responses during lactation, 
a consistent increase in SCOT activity was observed following 
parturition (Figures 9 and 20), although a high level in the 
high energy gilts (second reproductive cycle) appeared before 
parturition and remained high following parturition, but 
decreased at one and two weeks after farrowing. A similar 
response was observed by Dambrosio (1965a) in women during 
labor. 
The enzyme SGPT did not show any changes and was not 
affected by parturition (Figures 10 and 21). 
Lactic dehydrogenase showed a maximum level following 
parturition but while during the first lactation period it 
decreased (Figure 11), during the second one the level con­
tinued to increase (low energy gilts) or remained unchanged 
(high energy gilts) as may be seen in Figure 22. 
Interrelationships 
Several correlation studies were undertaken in an attempt 
to relate the changes observed in the different blood para­
meters to reproductive criteria. 
The blood parameters and dam body weight measurements at 
each sampling time during gestation were correlated with litter 
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size and birth weight. A "pooled over all levels" correlation 
coefficient was also obtained for each blood parameter. The 
results of these studies follow; 
Correlations with birth weights 
1. Consistent positive correlations between body weight 
of the dam and pig birth weight during the first reproductive 
cycle were obtained at each sampling time during gestation 
which proved to be significant at four weeks after breeding 
and at each sampling time thereafter. The pooled correlation 
coefficient was 0.57 (P < 0.05). 
During the second gestation period significant positive 
correlations between these two criteria were observed at each 
sampling time (including breeding time). The pooled correla­
tion coefficient was 0.85 (P < 0.05). 
2. Triglycerides were positively and significantly cor­
related with birth weights starting at breeding (first repro­
ductive cycle). The pooled coefficient was 0.50 (P < 0.05). 
During the second cycle, the pooled correlation coefficient 
was 0.56 but did not reach significance. 
3. 3-hydroxybutyric acid at each sampling time during 
gestation in both reproductive cycles was negatively correlated 
with birth weights. The pooled correlation coefficient for 
the first cycle was -0.33 while the value for the second cycle 
was -0.42 but these coefficients were not significant. 
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4. Urea nitrogen was also negatively correlated with 
birth weight. This relationship was evident (but not always 
significant) at each sampling time during the first gestation 
period except at breeding. The pooled coefficient was -0.45. 
During the second gestation period, this relationship was sig­
nificant at each sampling time; the pooled r value was -0.73 
(P < 0.05). 
5. Related to the relationship between BUN and birth 
weight was the one between total free AA and birth weight which 
was positive (but in general not significant) at each sampling 
time during gestation in both reproductive cycles except at 
breeding. The pooled correlation coefficients were 0.38 and 
0.39 for the first and second reproductive cycles, respective­
ly. Neither of these pooled values were statistically signifi­
cant. 
6. Total cholesterol was positively correlated with 
birth weight in both gestation cycles. The pooled coefficients 
were 0.23, for the first cycle, and 0.46 for the second one. 
These values were not statistically significant. 
All the above correlations fit the observed changes in 
the level of blood parameters during gestation as affected by 
the plane of energy and the corresponding average birth weights 
obtained. Thus, the low energy gilts and sows produced smaller 
pigs and had higher levels of BUN and BOHB, but lower values 
in body weight, TG and cholesterol as compared to the high 
energy group. 
58 
Correlations with litter size 
Perhaps of more interest are the correlations between 
blood parameters and litter size. The reason for this state­
ment lies in the fact that in both reproductive cycles the 
average litter size in both energy groups were exactly the 
same. 
1. The correlations with the enzymes SGOT, SGPT and LDH 
were negative at the 10th (-0.72, -0.54 and -0.65, respec­
tively) and 14th (-0.59, -0.70 and -0.60, respectively) week 
of pregnancy of the first reproductive cycle. The correlation 
coefficients at the 12th week were almost as high and negative 
(-0.42, -0.38 and -0.33, respectively) but did not reach sig­
nificance. This negative relationship suggests that fetus 
mortality during the latter part of gestation may be expressed 
in terms of increases in the levels of these enzymes. The 
pooled correlation coefficients were SCOT; -0.26; SGPT; -0.21; 
LDH; -0.26. None of these pooled coefficients were signifi­
cant. The pooled correlation coefficients in the second repro­
ductive cycle were not significant. 
2. Free fatty acids were positively correlated with 
litter size at each sampling time during gestation (first 
reproductive cycle); the pooled correlation coefficient was 0.33 
which was not significant. In contrast, during the second 
gestation this relationship was erratic and weak. 
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3. Urea nitrogen was negatively correlated with litter 
size at all sampling times during gestation (first reproduc­
tive cycle) except at the time of breeding. The pooled coef­
ficient in each of the two reproductive cycles was negative 
but non-significant. 
4. It was found that of the several gestation sampling 
times (first reproductive cycle), the time corresponding to 
two weeks after breeding showed more significant correlations 
with litter size than any other time. Thus, TG and FPA were 
positively associated with litter size while BUN and LDH were 
negatively related to this criterion. These observations 
indicate that metabolic events occurring at this time may be 
of importance as far as litter size at farrowing is concerned. 
Implantation is known to occur around two weeks after concep­
tion. Recently, some investigators have tended to associate 
this physiological event to responses to treatments. For 
example. Baker et aJ. (1969) have suggested that the reason 
for the poor farrowing rate observed in low energy gilts may 
be due to an impaired implantation process. Strachan et al. 
(1968) indicated that severe protein restriction during im­
plantation affects the subsequent birth weight of the off­
spring. Bazer et al. (1969) postulated that litter size may 
be dependent, in part, on the ability of the embryos to com­
pete for some unknown biochemical factor in the uterus which 
is necessary for their continued development. Finally, 
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Krishnan and Daniel (1967) have reported the isolation of a 
protein ("blastokinin") essential for the induction of 
blastulation of rabbit morula and stimulation of blastocyst 
development. 
Other correlations 
1. During lactation, no consistent relationships between 
blood parameters and total litter weight gain were observed 
except for SGPT, which was negatively correlated with this 
criterion at each sampling time. The pooled correlation coef­
ficients were -0.38 and -0.49 for the first and second lacta­
tions, respectively, and were not significant. 
2. Pooled correlation coefficients between backfat 
thickness and blood parameters over the entire first reproduc­
tive cycle showed that backfat was negatively correlated with 
SGPT (-0.19, P < 0.05), FFA (-0.33, P < 0.005), BUN (-0.21, 
P < 0.05) and BOHB (-0.38, P < 0.0005). Backfat was positively 
correlated with total free AA (0.39, P < 0.0005),total choles­
terol (0.25, P < 0.05), and dam's weight (0.59, P < 0.0005). 
General Discussion 
A total of 860 sarriples were obtained in this study to 
provide a reasonable estimation of the levels of 10 blood 
parameters in cycling, pregnant, hysterectomized, lactating, 
underfed and normally-fed gilts and sows. The objective of 
describing the changes in the levels of these parauneters as a 
function of time (especially pregnancy stage) has been 
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accomplished and rewarded by the many significant differences 
in metabolic processes that these changes imply. 
Changing the energy intake has been shown to profoundly 
affect the levels of certain blood components; of these, 
0-hydroxybutyric acid and urea nitrogen were the most sensi­
tive and this observation may prove useful as a starting point 
for studies evaluating metabolic adjustments during the repro­
ductive cycle as a function of energy intake, with the purpose 
of determining the energy requirements which are vague at the 
present. 
Hopefully, the lack of information in the area of blood 
constituents of the reproducing gilt has been properly 
emphasized. Due to the absence of similar studies the inter­
pretation of the findings has been rather uncertain and highly 
speculative. Unfortunately, in these studies it was not pos­
sible to include non-pregnant intact gilts to properly evaluate 
the responses of the hysterectomized animal. Nevertheless, it 
seems obvious that the value of hysterectomized gilts as con­
trol in studies involving pregnant gilts is much greater than 
that of intact non-pregnant animals and their use should be 
continued. 
Studies on the uptake of nutrients from the blood by the 
mammary gland proved useful in the interpretation of the data. 
Similar studies are needed in the area of placental transfer 
in the pig. It is through the accumulation of many varieties 
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of chemical exchange data on numerous animals beginning before 
conception, and following throughout pregnancy, parturition, 
lactation and even beyond, until the maternal body reaches a 
state of equilibrium, that knowledge for the solution of so 
many urgent problems (e.g. nutritive requirements, embryo 
survival) will be found. With a fuller knowledge of the 
maternal metabolic processes nutritionists will be better pre­
pared to make it possible to produce larger and healthier 
litters. 
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SUMMARY 
A split-plot experiment was conducted to study the effects 
of main plots (3 and 6 megacal./gilt/day; hysterectomy and 
pregnancy) and sub-plots (time of sampling) on the blood bio­
chemistry of gilts. The main plots were factorially arranged 
as a 2 X 2 and randomly assigned to littermate gilts in com­
plete blocks. The bleeding times were scheduled at equal 
intervals beginning at breeding and ending at weaning. The 
gilts that farrowed were used in a second reproductive cycle 
the design of which was also a split-plot with the two levels 
of energy as main plots and bleeding times as sub-plots. No 
blocks were used in the second experiment. 
Seven gilts were started in each main plot in the first 
experiment and six gilts/main plot in the second experiment. 
All animals were housed in individual pens situated in enclosed 
buildings maintained at a minimum temperature of 19*C. 
It was found that the low energy gilts performed as well 
as the high energy animals insofar as the first reproductive 
cycle was concerned. However, only two of six low energy 
animals completed a second gestation and lactation as compared 
to five out of six high energy sows. The average birth weight 
was significantly (P < 0.05) reduced in the low energy group 
as compared to the high energy group (second reproductive 
cycle). 
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Hysterectomized gilts provided information on ovulation 
rate as affected by post-breeding level of energy intake. The 
low energy gilts had an average of 11.3 corpora lutea while 
their counterparts had 9.5. 
Serological studies showed marked effects of pregnancy, 
lactation and level of energy on glucose, total free amino 
acids, urea nitrogen, total cholesterol, triglycerides, free 
fatty acids and g-hydroxybutyric acid. With respect to the 
enzymes serum glutamic oxalacetic transaminase, serum glutamic 
pyruvic transaminase and lactic dehydrogenase no significant 
activity changes were evident except for a rise in the activity 
of serum glutamic oxalacetic transaminase at the time of far­
rowing. 
Pregnancy caused significant increases in free fatty 
acids, B-hydroxybutyric acid, urea nitrogen, total free amino 
acids and weight. 
Lactation significantly affected the changes in the levels 
of blood parameters. Triglycerides, total free amino acids 
and urea nitrogen levels increased during the first week of 
lactation and then decreased during the second week. Glutamic 
oxalacetic transaminase, lactic dehydrogenase and glucose de­
creased linearly while total cholesterol levels increased 
quadratically. 
Dietary energy levels significantly affected the levels 
of all blood parameters except the free fatty acids and enzymes. 
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Correlation studies showed a negative relationship 
between litter size and urea nitrogen and the enzymes glutamic 
oxalacetic transaminase, glutamic pyruvic transaminase and 
lactic dehydrogenase at all or most of the sampling times 
during gestation; however, the pooled correlation coefficients 
were not significant. Positive correlations at each sampling 
time were found between littei size and free fatty acids but 
the pooled correlation did not reach significance. Litter 
size was significantly correlated with blood parameters at two 
weeks after conception; these correlations were positive be­
tween litter size and triglycerides and free fatty acids, and 
negative between litter size and lactic dehydrogenase and urea 
nitrogen. 
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Table 1. Composition of the daily feed intake during 
gestation 
Ingredient 
Low 
energy 
g-
High 
energy 
g. 
Ground yellow corn 598 598 
Starch 72 524 
Dextrose 0 500 
Solvent soybean meal (48.5% protein) 323 323 
Vitamin additive premix* 12 12 
Calcium carbonate (38% Ca) 15 15 
Dicalcium phosphate (24% Ca, 18.5% P) 40 40 
Iodized salt 10 10 
Trace mineral premix^ 2 2 
Total (i.e. daily feed intake) 1072 2024 
^he composition is shown in Table 3. 
^The composition is shown in Table 4. 
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Table 2. Calculated analysis of the daily feed intake during 
gestation 
Item 
Low 
energy 
High 
energy 
1969 NRC 
requirement 
Energy, metabolizable kcal. 3,000 6,000 6,270^ 
Protein, g. 210 210 280 
Calcium, g. 16 16 15 
Phosphorus, g. 11 11 10 
Riboflavin, mg. 18 18 8 
Pantothenic acid, mg. 41 41 33 
Niacin, mg. 83 83 44 
Choline, mg. 1,272 1,272 
Vitamin meg. 42 42 28 
Vitamin A, I. U. 9,600 9,600 8,200 
Vitamin Dg, I. U. 682 682 550 
^Estimated. Obtained by multiplying 0.95 times 6,600 
(the requirement in digestible energy kilocalories). 
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Table 3. Composition of the gestation vitamin additive premix 
Ingredient Level per gram of premix 
Vitamin A 750.0 I. U. 
Vitamin D 56.8 I. U, 
Riboflavin 1.41 mg. 
Calcium pantothenate 2.82 mg. 
Niacin 6.34 mg. 
Choline 7.05 mg. 
Vitamin 3.52 meg. 
Starch 0.84 g. 
Table 4. Composition of the gestation trace mineral premix 
Compound % in premix 
Manganese sulfate 10.0 
Zinc sulfate 10.0 
Ferrous sulfate 10.0 
Copper oxide 1.0 
Cobalt carbonate 0.1 
Potassium iodide 0.3 
Calcium carbonate 8.9 
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Table 5. Composition of diets 
Ingredient Gestation^ Lactation^ 
% 
Low energy 
% 
High energy 
% 
Ground yellow corn 59.80 29.90 77.90 
Starch —  — —  25.00 —  — —  
Dextrose —  — —  25.00 — — —  
Ground beet pulp —  —  —  —  —  —  5.00 
Solvent soybean meal 
(48.5% prot.) 32.30 16.15 13.50 
Vitamin premix^ 1.20 0.60 0.50 
Calcium carbonate 1.50 0.75 0.80 
Dicalcium phosphate 4.00 2.00 1.75 
Iodized salt 1.00 0.50 0.50 
Trace mineral premix® 0.20 0.10 0.05 
Starch was added to the low and high energy diets at the 
rates of 7.2 and 1.2 kg. per 100 kg. diet, respectively, in 
order to raise the corresponding metabolizable energy content 
to 300 megacalories. 
^lodinated casein was added to the lactation diet at the 
rate of 22 g. per 100 kg. diet. 
^The composition of the gestation vitamin premix is shown 
in Table 3. 
^The composition of the lactation vitamin premix is shown 
in Table 7. 
®The composition is shown in Table 4. The same premix 
was used in all diets. 
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Table 6. Calculated analysis of diets 
Gestation 
Item Low energy High energy Lactation 
Energy, metabolizable 
kcal./kg. 
Protein, % 
Calcium, % 
Phosphorus, % 
Riboflavin, mg./kg. 
Pantothenic acid, 
mg./kg. 
Niacin, mg./kg. 
Choline, mg./kg. 
Vitamin meg./kg 
Vitamin A, I. U./kg. 
Vitamin D^, I. u./kg. 
3,000 
19.6 
1.5 
1.0 
17.2 
38.2 
77.3 
1,186.0 
39.4 
8,953.0 
636.0 
3,000 
10.4 
0.8 
0.5 
9.1 
20.2 
41.0 
628.0 
20.9 
4,742.0 
337.0 
2,702 
14.0 
0 . 8  
0.6 
5.7 
14.5 
39.8 
770.0 
22.0 
3,362.0 
660.0 
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Table 7. Composition of the lactation vitamin additive premix 
Ingredient Level per gram of premix 
Vitamin A 331 I. U. 
Vitamin 132 I. U. 
Riboflavin 0.88 mg. 
Pantothenic acid 1,76 mg. 
Niacin 3.97 mg. 
Choline 4.41 mg. 
Vitamin 4.41 meg. 
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Table 8. Experiment 6816A. Summary of least square means 
and coefficients of variability of reproductive 
performance 
Item 
Low 
energy 
High 
energy C.V. 
No. of gilts started 7 7 —  — —  -
No. of gilts farrowing 6 6 —  —  —  -
No. of corpora lutea^ 11.3 9.5 14. 8 
Total pigs farrowed per litter 9.4 9.4 19. 1 
Pigs farrowed alive per litter 8.2 7.6 33. 1 
Total birth weight of all pigs, 
kg. 10.4 11.4 18. 3 
Av. birth weight of live pigs, 
kg. 1.1 1.2 9. 2 
No. pig losses per standardized 
litter" 0.3 1.5 —  —  -— 
Av. weaning weight, kg. 2.8 2.8 28. 9 
^Means based on six hysterectomized gilts in each treat­
ment. 
The litter size was standardized to five pigs; all dead 
pigs were replaced in order to maintain this size throughout 
lactation. 
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Table 9. Experiment 6816B. Summary of least square means 
and coefficients of variability of reproductive 
performance 
Item 
Low 
energy 
High 
energy C.V. 
No. of sows started 6 6 —  — —  
No. of sows farrowing 2 5 —  —  —  
Total pigs farrowed per litter 8.0 8.0 38. 7 
Pigs farrowed alive per litter 8.0 5.4 56. 3 
Total birth weight of all pigs, 
kg. 9.1 11.0 39. 9 
Av. birth weight of live pigs, 
kg.a 1.1 1.6 11. 2 
No. pig losses per standardized 
litter^ 1.5 2.8 
Av. weaning weight, kg.^ 2.1 3.4 7. 4 
^Difference significant at P < 0=05. 
The litter size was standardized to eight pigs; all dead 
pigs were replaced in order to maintain this size throughout 
lactation. 
"^Difference significant at P < 0.005. 
Table 10. Experiment 6816A. Summary of least square means and coefficients of 
variability of dam weight changes, feed consumption and litter weights 
produced 
Item 
Intact gilts Hysterectomized 
gilts C.V.,! Low 
energy 
High 
energy 
Low 
energy 
High 
energy 
Initial weight, kg. 115.7 119.6 120.5 118.7 2.4 
Gross gestation weight gain, kg.^ 9.6 47.7 -13.1 28.4 6.2 
Parturition weight loss, kg. 9.3 11.8 —  — —  —  —  —  30.1 
Gilt lactation weight gain, kg. 4.6 2.6 —  —  —  —  —  —  183. 3 
Initial to weaning weight gain, kg. . 5.1 37.1 —  18.4 
Total gestation fed intake, kg. 123.6 233.2 121.1 228.8 —  — —  
Gestation energy intake, M. megcal.^ 346.0 692.0 339.0 678.9 — — — 
Total lactation feed intake, kg. 49.5 49.5 — —  — —  
Lactation energy intake, M. megcal. 133.7 133.7 —  — —  —  — —  — — — 
Litter weight at birth, kg. 10.4 11.4 —  — —  —  18.3 
Litter lactation weight gain, kg.^ 8.9 7.4 —  —  —  —  —  —  50.0 
height just before farrowing minus initial weight. Difference due to energy 
levels significant at P < 0.001. Difference between hysterectomized gilts and 
pregnant gilts significant at P < 0.01. 
^M. megcal. is an abbreviation for metabolizable megacalories. 
^The litter weight gain includes gains made by pigs which later died and were 
replaced. 
88 
Table 11. Experiment 6816B. Summary of least square means 
and coefficients of variability of sow weight 
changes, feed consumption and litter weights 
produced 
Item 
Low 
energy 
High 
energy C.V. 
Initial weight, kg. 101.2 151.8 3. 6 
Gross gestation weight gain, kg.^ 17.8 50.7 19. 8 
Parturition weight loss, kg. 16.8 18.5 6. 3 
Sow lactation weight gain, kg. 12.7 1.2 73. 7 
Initial to weaning weight gain, kg. 13.8 33.3 19. 0 
Total gestation feed intake, kg. 122.3 228.3 —  — —  — 
Gestation energy intake, M. megcal.^ 342.0 676.8 —  — —  — 
Total lactation feed intake, kg. 49.5 49.5 —  — —  — 
Lactation energy intake, M. megcal. 133.7 133.7 — .r. 
Litter weight at birth, kg. 9.1 11.0 39. 9 
Litter lactation weight gain, kg.^ 6.9 10.3 64. 3 
height just before farrowing minus initial weight. 
Difference significant at P < 0.005. 
megcal. is an abbreviation of metabolizable mega-
calories. 
°The litter weight gain includes gains made by pigs which 
later died and were replaced. 
Table 12. Experiment 6816A. Summary of least square means and coefficients of 
variability of average backfat thickness 
Stage of reproduction Intact gilts 
Hysterectomized 
gilts C.V.,% 
Low 
energy 
High 
energy 
Low 
energy 
High 
energy 
Beginning of gestation, cm. 3.16 3.17 3.18 3.11 
Middle of gestation, cm. 2.48 3.29 2.25 2.97 
End of gestation, cm. 1.49 3.23 1.64 2.90 
Overall gestation change, cm.^ -1.66 +0.12 -1.56 -0.21 15.45 
End of lactation, cm. 0.71 2.06 — — — — — — — — 71.23 
^Linear decrease significant at P < 0.001. Difference between high and low 
energy significant at P < 0.01. 
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eriment 68I6A. Gilt body weights, kg. 
TcQale 13. Experiment 6 816A. Summary of least square means and coefficients of 
variability of gilt body weights 
Reproductive stage Mean, kg. C.V.,% Effect 
Estrous cycle — — 
Gestation 128. 1 12.5 Quadratic increase, P < 0.05 
Hysterectomy-Low energy 115. 4 High > Low, P < 0.001 
Pregnant-Low energy 119. 7 Pregnant > Hyster., P < 0.01 
Hysterectomy-High energy 134. 8 Energy X Time interaction 
P < 0.001 
Pregnant-High energy 142. 5 Physiological state X Time 
interaction, P < 0.001 
Lactation 136. 8 4.9 Linear increase, P < 0.01 
Low energy 118. 6 
High > Low, P < 0.001 
High energy 155. 0 
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Figure 2. Experiment 68I6A. Serum glucose, mg./lOO ml. 
Tcible 14. Experiment 6816A. Summary of least square means and coefficients of 
variability of serum glucose levels 
Reproductive stage 
Mean, 
mg./lOO ml. C.V.,% Effect 
Estrous cycle 66.8 
Gestation 67.4 
Hysterectomy-Low energy 6 8-7 
Pregnant-Low energy 69.6 
Hysterectomy-High energy 65.4 
Pregnant-High energy 65.8 
Lactation 85.4 
Low energy 82.6 
High energy 88.1 
13.5 
14.9 
Low > High, P < 0.05 
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Figure 3. Experiment 6816A. Serum triglyceride, mg./100 ml. 
Table 15. Experiment 6816A. Summary of least square means and coefficients of 
variability of serum triglyceride levels 
Mean, 
Reproductive stage mg./lOO ml. C.V.,% Effect 
Estrous cycle 24. 1 53 .1 
Gestation 21. 3 39 .6 Quartic effect, P < 0.01 
Hysterectomy-Low energy 20. 4 
High > Low, P < 0.05 
Pregnant-Low energy 19. 4 
Hysterectomy-High energy 21. 5 
Energy X Time interaction. 
Pregnant-High energy 23. 8 P < 0.05 
Lactation 31. 7 56 .9 Quadratic effect, P < 0.005 
Low energy 32. 7 
High energy 30. 6 
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Figure 4. Experiment 6816A, Serum free fatty acid, xieq./lOO ml. 
Table 16. Experiment 6816A. Summary of least square means and coefficients of 
variability of serum free fatty acid levels 
Reproductive stage 
Mean, 
ueq./lOO ml. C.V.,% Effect 
Estrous cycle 22.4 44.9 
Gestation 26,9 57.2 Quadratic increase, P < 0.005 
Hysterectomy-Low energy 26.4 
Pregnant-Low energy 28.6 
Hysterectomy-High energy 24.4 Physiological state X Time 
Pregnant-High energy 27.9 interaction, P < 0.05 
Lactation 26.7 81.5 
Low energy 24,0 
High energy 29.3 
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Experiment 6816 A. Serum hydroxybutyric ocid, ju molest 
Table 17. Experiment 6 816A. Summary of least square means and coefficients of 
variability of serum 3-hydroxybutyric acid levels 
Reproductive stage Mean, yM C.V.,% Effect 
Estrous cycle 17.9 22. 5 
Gestation 20.9 27. 0 Linear increase, P < 0.001 
Hysterectomy-Low energy 
Pregnant-Low energy 
Hysterectomy-High energy 
23.2 
23. 3 
18.0 
Low > High, P < 0.001 
Physiological state X Time 
interaction, P < 0.005 
Pregnant-High energy 19.2 
Lactation 29.5 37. 1 
Low energy 30.8 
High energy 28.2 
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Figure 6 Experlmenf 6816A. Serum totol cholesterol, mg./100 ml. 
Table 18. Experiment 6 816A. Summary of least square means and coefficients of 
variability of serum total cholesterol levels 
Reproductive stage 
Mean, 
mg./lOO ml. C.V.,% Effect 
Estrous cycle 97.3 25.7 Quadratic effect, P < 0.005 
Gestation 87. 4 34.9 Cubic effect, P < 0.005 
Hysterectomy-Low energy 87.2 
High > Low, P < 0.01 
Pregnant-Low energy 74. 8 
Hysterectomy-High energy 94.5 Physiological state X Time 
Pregnant-High energy 93.2 interaction, P < 0.01 
Lactation 97.6 26.6 Quadratic increase, P < 0.001 
Low energy 89.5 
High energy 105.7 
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Figure 7. Experiment 68I6A. Serum to to I amino ocid, mmole/liter. 
Table 19. Experiment 6816A. Summary of least square means and coefficients of 
variability of serum total free amino acid levels 
Reproductive stage Mean, mM 
Estrous cycle 4. 9 
Gestation 4. 6 
Hysterectomy-Low energy 4. 2 
Pregnant-Low energy 4. 6 
Hysterectomy-High energy 4. 8 
Pregnant-High energy 5. 0 
Lactation 5, 5 
Low energy 5. 4 
High energy 5- 5 
C.V.,% Effect 
11.9 
10.9 
High > Low, P < 0.001 
Pregnant > Hyster., 
P < 0.001 
9.7 Quadratic effect, P < 0.005 
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Figure 8. Experiment 68I6A. Serum urea nitrogen,mg./100 ml. 
Table 20. Experiment 6 816A. Summary of least square means and coefficients of 
variability of serum urea nitrogen levels 
Reproductive stage 
Mean, 
mg./lOO ml. C.V.,% Effect 
Estrous cycle 9.1 35.6 Quadratic effect. P < 0.05 
Gestation 10.0 40.1 Cubic effect, P < 0.01 
Hysterectomy-Low energy 
Pregnant-Low energy 
Hysterectomy-High energy 
11. 3 
12 .2 
7.5 
Low > High, P < 0 
Pregnant > Hyster 
.001 
., P < 0.05 
Pregnant-High energy 8.9 
Lactation 11.7 15.5 Quadratic effect. P < 0.005 
Low energy 12. 2 
High energy 11.1 
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Figure 9. Experiment 68I6A. Serum glutamic oxolocetic tronsominose,units/ml. 
Table 21. Experiment 6816A. Summary of least square means and coefficients of 
variability of serum glutamic oxalacetic transaminase activity 
Reproductive stage 
Mean, 
units/ml.^ C.V.,% Effect 
Estrous cycle 14.0 37.3 
Gestration 14. 3 67.0 
Hysterectomy-Low energy 17. 4 
Pregnant-Low energy 12.2 
Hysterectomy-High energy 13.8 
Pregnant-High energy H
 
o
 
Lactation 22.2 120.5 Linear decrease, P < 0.005 
Low energy 20. 5 
High energy 23-9 
Units of transaminase activity are defined as that amount of enzyme per 
milliliter of serum that will cause a decrease in optical density at 340 mu. of 
0.001 unit per minute at 25°C, and per centimeter light path under the conditions 
of the assay. This is equivalent to the formation of 4.82 x 10~4 yM of oxalacetic 
acid per minute. 
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Figure 10. Experiment 68I6A. Serum glutamic pyruvic transaminose, units/ml. 
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Table 22. Experiment 6 816A. Summary of least square means and coefficients of 
variability of serum glutamic pyruvic transaminase activity 
Mean, 
Reproductive stage units/ml. C.V.,% Effect 
Estrous cycle 17.4 34.4 Linear decrease, P < 0.005 
Gestation 17.1 59.1 
Hysterectomy-Low energy 21.5 
Pregnant-Low energy 17.0 
Hysterectomy-High energy 15.2 Energy X Time interaction, P < 0.05 
Pregnant-High energy 14.7 
Lactation 16.2 38.0 
Low energy 17.1 
High energy 15. 3 
Units of transaminase activity are defined as that amount of enzyme per 
milliliter of serum that will cause a decrease in optical density at 340 my of 
0.001 unit per minute at 25®C, and per centimeter light path under the conditions 
of the assay. This is equivalent to the formation of 4.82 x 10"' yM of pyruvic 
acid per minute. 
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Figure II. Experiment 68I6A. Serum lactic dehydrogenase, units/ml. 
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Table 23. Experiment 6 816A. Summary of least square means and coefficients of 
variability of serum lactic dehydrogenase activity 
Reproductive stage 
Means, 
units/ml. C.V.,% Effect 
Estrous cycle 236.5 41.3 Linear decrease, P < 0.001 
Gestation 206. 3 41.8 
Hysterectomy-Low energy 
Pregnant-Low energy 
243.2 
184.4 
Hyster. > Pregnant, P < 0.01 
Hysterectomy-High energy 203.1 
Pregnant-High energy 194.5 
Lactation 281.9 60.9 Linear decrease, P < 0.005 
Low energy 258. 3 
High energy 305.5 
Units of dehydrogenase activity are defined as that amount of enzyme per 
milliliter of serum that will cause an increase in optical density at 340 my of 
0.001 unit per minute at 25°C, and per centimeter light path under the conditions 
of the assay. 
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Experiment 68I6B. Sow body weights, kg. 
Table 24. Experiment 6 816B. Summary of least square means and coefficients of 
variability of gilt body weights 
Reproductive stage Mean, kg. C.V.,% Effect 
Gestation 
Low energy 
High energy 
Lactation 
Low energy 
High energy 
138.2 
103 . 9 
172.6 
146.6 
109.3 
183.9 
9.4 
8 . 0  
Quadratic increase, 
P < 0.001 
High > Low, P < 0.001 
Energy X Time interaction, 
P < 0.001 
Linear increase, P < 0.01 
High > Low, P < 0.001 
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Figure 13. Experiment 68I6B. Serum glucose, mg./lOOml. 
Tedjle 25. Experiment 6816B. Summary of least square means and coefficients of 
variability of serum glucose levels 
Mean, 
Reproductive stage mg./lOO ml. C.V.,% Effect 
Gestation 63.7 26.6 
Low energy 65.5 
High energy 61.9 
Lactation 72.0 31.9 
Low energy 70.2 
High energy 73.7 
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Figure 14. Experiment 6816B. Serum triglyceride, mg./lOO ml. 
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Table 26. Experiment 6816B. Summary of least square means and coefficients of 
variability of serum triglyceride levels 
Reproductive stage 
Mean, 
mg./lOO ml. C.V.,% Effect 
Gestation 
Low energy 
High energy 
Lactation 
Low energy 
High energy 
27.3 
23.9 
30.7 
27.6 
2 6 . 6  
28.5 
21.6 
40.0 
High > Low, P < 0.05 
Linear increase, P < 0.005 
Energy X Time interaction, 
P < 0.05 
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Figure 15. Experiment 68I6B. Serum free fatty acid, jueq./IC 
Table 27. Experiment 6 816B. Summary of least square means and coefficients of 
variability of serum free fatty acid levels 
Reproductive stage 
Mean, 
yeq./lOO ml, C.V. Effect 
Gestation 
Low energy 
High energy 
Lactation 
Low energy 
High energy 
34.9 
39.5 
30.3 
23.1 
17.0 
29.2 
40.6 
98.5 
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Figure 16. Experiment 681 €»B. Serum ^- hydroxybutyric ocid, AJm 
Table 28. Experiment 6816B. Summary of least square means and coefficients of 
variability of serum 6-hydroxybutyric acid levels 
Reproductive stage Mean, yM C.V.,% Effect 
Gestation 
Low energy 
High energy 
Lactation 
Low energy 
High energy 
23.8 
27.9 
19.7 
31.0 
37. 8 
24.1 
25.9 
26.9 
Low > High, P < 0.05 
Low > High, P < 0.05 
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Figure 17. Experimemi 681619. Serum totol cholesterol,mg./lOO mt. 
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Table 29. Experiment 6 816B. Summary of least square means and coefficients of 
variability of serum total cholesterol levels 
Reproductive stage 
Mean, 
mg./lOO ml, C.V.,% Effect 
Gestation 
Low energy 
High energy 
Lactation 
Low energy 
High energy 
95.8 
8 6 .  8  
104.9 
107.7 
98.2 
117. 3 
10.2 
13.3 
Linear decrease, P < 0.005 
High > Low, P < 0.005 
Quadratic increase, 
P < 0.05 
High > Low, P < 0.05 
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Figure 18. Experiment 68166. Serum 
LACT. 
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totol amino acid* mmoles/llter. 
Table 30. Experiment 6 816B. Summary of least square means and coefficients of 
variability of serum total free amino acid levels 
Reproductive stage Mean, mM C.V.,% Effect 
Gestation 
Low energy 
High energy 
Lactation 
Low energy 
High energy 
4.7 
4.4 
4.9 
5.4 
5.0 
5.7 
12.6 
14.0 
18 
17 
16 
(5 
14 
13 
12 
11 
10 
9 
8 
7 
GESTATION 
Low energy 
High energy 
V _ _ _ _ _ _  _ _ _  
4 8 12 H 
WEEKS 
-igure 19. Experimeni 68I6B. Serum urea nitrogen, mg./lOOm 
Table 31. Experiment 6 816B. Summary of least square means and coefficients of 
variability of serum urea nitrogen levels 
Reproductive stage 
Mean, 
mg./lOO ml. C.V.,% Effect 
Gestation 
Low energy 
High energy 
Lactation 
Low energy 
High energy 
11.9 
15.6 
8.2 
12. 8 
16.0 
9.7 
21.5 
2 2 . 2  
Quadratic effect, P < 0.05 
Low > High, P < 0.001 
Low > High, P < 0.01 
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Figure 20. Experiment 68I6B. Serum glutamic oxofocetic tronsomirx»e,units/ml. 
Table 32. Experiment 6816B. Summary of least square means and coefficients of 
variability of serum glutamic oxalacetic transaminase activity 
Reproductive stage 
Mean, 
units/ml. C.V.,% Effect 
Gestation 11.8 115.7 
Low energy 10.0 
High energy 13.7 
Lactation 14.7 33.1 Linear decrease, P < 0.05 
Low energy 15.1 
High energy 14.4 
^nits of transaminase activity are defined as that amount of enzyme per 
milliliter of serum that will cause a decrease in optical density at 340 my of 
0.001 unit per minute at 25°C, and per centimeter light path under the conditions of 
the assay. This is equivalent to the formation of 4.82 x 10"^ yM of oxalacetic 
acid per minute. 
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igure 21. Experiment 68I6B. Serum ghitomic pyruvic troneaminos^ 
Table 33. Experiment 6 816B. Summary of least square means and coefficients of 
variability of serum glutamic pyruvic transaminase activity 
Reproductive stage Mean, units/ml. C.V.,% Effect 
Gestation 
Low energy 
High energy 
Lactation 
Low energy 
High energy 
13.6 
15.4 
11.7 
12. 8 
13.2 
12.3 
59.6 
57.0 
Units of transaminase activity are defined as that amount of enzyme per 
milliliter of serum that will cause a decrease in optical density at 340 my of 
0.001 unit per minute at 25®C, and per centimeter light path under the conditions 
of the assay. This is equivalent to the formation of 4.82 x 10"^ yM of pyruvic 
acid per minute. 
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igure 22. Experiment 681613. Serum lactic dehydrogenq##, unil 
Table 34. Experiment 6816B. Summary of least square means and coefficients of 
variability of serum lactic dehydrogenase activity 
Reproductive stage Mean, units/ml.^ C.V.,% Effect 
Gestation 195.8 47.5 
Low energy 196.4 
High energy 195.2 
Lactation 331.7 36.9 
Low energy 336.1 
High energy 327.4 
^nits of dehydrogenase activity are defined as that amount of enzyme per 
milliliter of serum that will cause an increase in optical density at 340 mu of 
0.001 unit per minute at 25°C, and per centimeter light path under the conditions 
of the assay. 
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Figure 23. Experiment 6816B. Effect of feeding 3 megacal, 
metabolizable energy/day throughout two 
consecutive gestation periods on sow condition. 
Photograph taken during the second lactation 
Figure 24. Experiment 6816B. Effect of feeding 6 megacal. 
metabolizable energy/day throughout two 
consecutive gestation periods on sow condition. 
Photograph taken during the second lactation 
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Table 35. Experiment 6816A. ANOVA table used for the analysis 
of each of the 10 blood parameters during the 
estrous cycle 
Variable Degrees of freedom 
Blocks 
Animals within blocks 
Time 
Linear 
Quadratic 
Residual 
Remainder 
Total 
6 
21 
3 
(1) 
(1)  
(1) 
76 
107 
137 
Table 36. Experiment 6816A. ANOVA table used for the 
analysis of each of the 10 blood parameters and 
weight during gestation 
Degrees of freedom^ 
Variable Blood Gilt 
parameters body weight 
Blocks 6 6 
Energy 1 1 
Physiological state 1 1 
Energy X Physiological state 1 1 
Error 1 (Blocks X Treatments) 16 16 
Time 7 8 
Linear (1) (1) 
Quadratic (1) (1) 
Cubic (1) (1) 
Quartic (1) (1) 
Quintic (1) (1) 
Residual (2) (3) 
Energy X Time 7 8 
Physiological state X Time 7 8 
Energy X Physiological state X Time 7 8 
Error 2 (Remainder) 154 176 
Total 207 233 
height degrees of freedom differ from those for blood 
parameters due to an extra observation on weight just prior 
to farrowing. 
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Table 37. Experiment 6816A. ANOVA table used for the 
analysis of each of the 10 blood parameters and 
weight during lactation 
Variable Degrees of freedom 
Blocks 6 
Energy 1 
Error 1 (Blocks X Energy) 4 
Time 2 
Linear (1) 
Quadratic (1) 
Energy X Time 2 
Error 2 (Remainder) 19 
Total 34 
Table 38. Experiment 6816A. ANOVA table used for the 
analysis of backfat thickness change during 
gestation 
Variable Degrees of freedom 
Blocks 6 
Energy 1 
Physiological state 1 
Energy X Physiological state 1 
Remainder 9 
Total 19 
Table 39. Experiment 6816A. ANOVA table used for the analysis of reproductive 
criteria 
Variable Degrees of freedom 
Parturition weight loss Gilt lactation weight gain End lactation 
Gilt gestation weight gain Gilt total weight gain backfat 
No. of corpora lutea 
Total pigs born 
Pigs born alive 
Total litter birth weight 
Total live pigs birth weight 
Av. birth weight of live pigs 
Total litter weight gain 
Av. weaning weight 
Blocks 6 6 4 
Energy 1 11
Remainder 3 4 2 
Total 11 12 8 
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Table 40. Experiment 6816B. ANOVA table used for the 
analysis of each of the 10 blood parameters and 
weight 
Degrees of freedom 
Variable Gestation Lactation 
Energy 1 1 
Error 1 (Animals within treatment) 6 5 
Time 4 2 
Linear (1) (1) 
Quadratic (1) (1) 
Cubic (1) — — *  
Residual (1) ——-
Energy X Time 4 2 
Error 2 (Remainder) 18 10 
Total 34 21 
Table 41. Experiment 6816B. ANOVA table used for the analysis 
of reproductive criteria 
Variable Degrees of freedom 
Parturition weight loss 
Sow gestation weight gain 
Sow lactation weight gain 
Sow total weight gain 
Total pigs born 
Pigs born alive 
Total litter birth weight 
Total live pigs birth 
weight 
Av. birth weight live 
pigs 
Total litter weight gain 
Av. weaning weight 
Energy 
Remainder 
Total 
1 
5 
7 
1 
4 
6 
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AUTOMATED FLUOROMETRIC METHOD FOR THE ENZYMATIC 
DETERMINATION OF g-HYDROXYBUTYRIC 
ACID IN SERUM 
Principle; This method depends on the reduction of nicotin­
amide adenine dinucleotide (NAD"*") by D-3-hydroxybutyrate 
(BOHB) in the presence of D-B-hydroxybutyrate dehydrogenase 
(BOHBDH) as shown in the next section. An excess of NAD^ and 
a pH of 8.5 ensure that the reaction goes from left to right. 
The formation of NADH is followed fluorometrically. 
Chemistry; 
COOH 
I 
CH. 
I + 3-NAD BOHBDH ^ 
H-C-OH ^ 
I I 
CH^ CH. 
COOH 
I 
CH. 
I ' 
c=o 
+ 3-NADH 
Heating Bath - 25*C 
Fluorometer with 7-60 and #8 
filters 
Recorder 
B-hydroxybutyric acid Acetoacetic acid 
Modules Required; 
Sampler II 
Proportioning Pump 
Dialyzer 
Reagents : 
1. . Buffer - (0.2 M tris (hydroxymethyl) aminomethane» 
pH 8.5). Dissolve 24.2 gm. of THAM in 600 ml. of 
deionized water. Titrate to pH 8.5 using approximate­
ly 10 ml. 5N hydrochloric acid (HCl). Dilute to 
1,000 ml. with deionized water. Add Brij 35. 
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2. NAD - Dissolve 100 mg. of g-NAD in tris buffer and 
dilute to 100 ml. Prepare fresh each day in amounts 
not greater than 100 tnl. Wrap container in aluminum 
foil and immerse it in ice. 
3. Enzyme - Dilute 2 mg. protein suspension^ 100 ml. 
with tris buffer. Prepare fresh each day and keep on 
ice while is use. 
4. Standard solutions; 
A. Stock BOHB solution; (1.0 umoles D-BOHB/ml.) 
Dissolve 25.2 mg. of DL-g-sodium hydroxybutyrate 
in 100 ml. deionized water. 
B. Working standards; Dilute the following quantities 
of the stock solution to 100 ml. with deionized 
water: 
ml. BOHB stock Concentration 
(umoles/liter) 
1 10 
2 20 
3 30 
4 40 
5 50 
7.5 75 
Procedure ; 
1. Set the circulator at 25*C the night before analysis. 
2. Start the fluorometer by turning on the power switch 
and depressing the start switch about 5 seconds. 
Sigma sells 1-mg protein vials each containing about 25 
lU of enzyme activity (see "Notes" for definition and deter­
mination of lU). 
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3. Switch the recorder (V0M5) to standby position. 
Also check the following: chart speed, 0.2 in./min. 
range, 0.01 y. 
4. The determination is run at a rate of 30 samples per 
hour with a sample to wash ratio of 1:2. 
5. Start the proportioning pump with all the reagent 
lines (except the buffer line) in deionized water. 
6. After 10 minutes start the other reagents through the 
lines; turn sampler on. 
7. Place a series of standards in 2-ml. cups in the 
sample tray followed with a series of samples. Place 
a standard every 10 sample cups. The duplicates 
should be determined in a different run. 
8. It takes 32 minutes for the sample to reach the 
fluorometer. This allows at least 46 minutes for the 
fluorometer and recorder to warm up. 
9. 15 minutes before the last sample (peak) appears on 
the chart (recorder) all reagent lines may be returned 
to deionized water. 
10. After completion of the recording turn the recorder 
and fluorometer off. 
11. After 40 minutes of "washing" stop the proportioning 
pump. 
12. Flow diagram. 
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Calculations ; The results are calculated by comparing the 
peak height of the unknown to the peak height of the standards. 
The standards are plotted on the plastic overlay provided by 
Technicon with the concentration of the standards (ymoles/l) 
plotted on the X-axis and % fluorescence as the Y-axis, Draw 
a smooth curve through the points. The point on the curve 
that touches the top of the unknown peak is read directly in 
concentration of 3-hydroxybutyric acid. 
Notes ! Prior to the preparation of the enzyme reagent, assay 
the enzyme using the following mixture; 
A) 2.28 ml. tris buffer, 0.2 M; pH 8.0 
B) 0.20 ml. NAD, 20 mg./ml. 
C) 0.50 ml. D, L-6-sodium hydroxybutyrate, 20 mg./ml. 
D) 0.02 ml. enzyme solution in buffer (dilute a 1 mg. 
protein preparation to 3 ml.). 
Use quartz cuvettes; 3.0 ml. volume; d s i.o cm.; 
nm = 340; 25®C; tungsten lamp. 
Measure the O.D. change in 5 min. and multiply times 144.6 
in order to obtain lU/mg-protein vial before preparing the 
enzyme reagent. 
One unit is defined as that amount of enzyme which 
catalyzes the conversion of 1 umole of substrate in 1 min. at 
25*C under. 
Water + Brij Waste Red 
'Sampler II 
I 30/hr. 
\ratio li2y 
O.OliO Sample White 
Buffer Red 
O.OLO Air White 
37"C I 
Dialyzer 
Buffer Red Cold-water 
jacket D1 O.OLO Air White 
0.025 Enzyme HO 
NAD 
f/c Return Yellow Mixing 
coil 
Waste <• 
/ 25"C > 
Circulator 
Fluorometer 
30X Aperture 
7-60 Activation 
filter 
8 Fluorescent 
filter 
von 5 
Recorder 
Fluorometer 
Figure 2$. Flow diagram for the automated determination of 
3-hydroxybutyric acid 
